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ABSTRACT

HUMAN AND CLIMATE CHANGE INFLUENCES ON BLACK (Diceros bicornis) AND
WHITE (Cerathotherium simum) RHINOS IN SOUTHERN AFRICA

MAY 2018
HLELOLWENKHOSI S. MAMBA, B.S. UNIVERSITY OF SWAZILAND
M.S. UNIVERSITY OF MASSACHUSETTS, AMHERST
Directed by: Professor Timothy O. Randhir
Rhinos are iconic species of ecological and economic importance in Africa. They
represent their range states’ rich natural heritage. White rhinos, currently estimated at
approximately 20, 000 animals, recovered from near extinction after heavy poaching and
habitat destruction decimated numbers to 50 individuals in the 20th century. Between
1970 and 1992, black rhino numbers suffered a 96% reduction in Africa. Today, black
rhino numbers are estimated between 5, 000 and 5, 500 individuals. Black and white
rhinos are currently classified in IUCN’s Red List as Critically Endangered, and Near
Threatened respectively. Very few studies investigate the potential effects of climate
change on rhinos. Investigations on the cooperative impacts of anthropogenic activities
and natural processes on the species are non-existent. We conducted a literature review to
assess the status of rhino conservation. Potential climate change effects on the species’
probability of occurrence in five study parks in Africa were assessed using two IPCCAR5 scenarios; RCPs, 4.5 and 8.5. Human influences on rhinos we evaluated based on
urban expansion forecasted for the year 2030. Perceptions of communities surrounding
Hlane Royal National Park in Swaziland towards rhino conservation were collected using
questionnaires. Most of the interviewed community members expressed pro rhino
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conservation attitudes and interest in the prevention of poaching. We expect the changing
climate to have negative effects on the occurrence probability of rhinos. Forecasts show
urban land-cover expanding into areas surrounding rhino habitats by 2030. This could
have implications in the creation of corridors to facilitate the dispersal of the species.
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CHAPTER 1
A REVIEW OF THE CURRENT KNOWLEDGE AND CONSERVATION
STATUS OF AFRICAN RHINO SPECIES Diceros bicornis AND Ceratotherium
simum
1.1 Abstract
The planet has lost most of its charismatic megaherbivores, African rhinos form part of
those that remain. The survival of the species to date has been a battle with both sweet
victories and numerous setbacks. Black (Diceros bicornis) and white (Ceratotherium
simum) rhinos have become flagship species, not only for Africa but international
conservation as well. They are iconic species of both ecological and economic
importance in the African continent. They embody the range states’ rich natural heritage.
Black and white rhinos are classified in IUCN’s Red List of Threatened Species as
Critically endangered, and Near Threatened respectively. This paper summarizes current
knowledge on the distribution, ecology, behavior, genetics, and evolution of the species.
We highlight the main factors that threaten the persistence of the species together with
current efforts aimed at conserving them. Poaching and habitat loss are the primary
threats to rhinos, and studies have shown that the future of the species is bleak. Unless
radical interventions are made, the species are set to reach a tipping point soon. With
most studies done on the species focusing mainly on poaching, at the expense of other
threats that might be equally important, it is vital that current knowledge on the species
biology, evolution history, physiology, taxonomy, and the possible effects of subtle
threats like climate change be expanded. These topics deserve urgent attention if the
longevity of the species is to be ensured.
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1.2 Introduction
Two African rhino species exist today, the black, also known as the hook-lipped rhino
(Diceros bicornis) (Fig. 1.2.1) and the white, also known as the square-lipped rhino
(Ceratotherium simum) (Fig. 1.2.2) (Emslie & Brooks 1999; Emslie & Adcock 2016).
Black rhinos occur in small populations throughout southern and eastern Africa while
white rhinos occur mainly in South Africa with smaller reintroduced populations in other
range states in the East and South of the continent (Emslie & Brooks 1999; Save The
Rhino 2018). Black rhinos occupy a wide variety of habitats if the habitat supports their
browsing habits. These habitats include the semi-desert savannah of Namibia, woodland,
and wet forested areas (Emslie & Adcock 2106; Knight 2017; WWF 2018). Higher
numbers occur in savannahs and bushveld areas (Emslie & Brooks 1999; Knight 2017).
White rhinos tend to prefer grasslands and bushveld savannahs since they are grazers
(Emslie & Brooks 1999; Emslie & Adcock 2016). Where the conservation of rhinos is
concerned, the biggest concern is the rate at which the species are being poached (Emslie
& Brooks 1999; Altizer et al. 2003; Biggs et al. 2013; Emslie & Adcock 2016). For this
reason, most of the existing studies conducted on rhinos focus on this threat and its
mitigation. Next to poaching, the other main threat to rhinos is the loss of their habitat
(Emslie & Brooks 1999; Altizer et al. 2003). To a lesser extent compared to poaching, the
effects this habitat loss on the species have been investigated. There are still many gaps in
the existing knowledge of African rhinos. Not much is known about the potential effects
of climate change on their livelihood concerning food and water availability and the
effects of climatic changes on their bioclimatic envelope.
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Black rhinos tend to be smaller than their white counterparts are. They stand at a
shoulder height of 1.6 m weighing between 900 – 1,350 kg, with a birth weight of 35 –
45 kg. White rhino height ranges between 1.5 – 1.8 m and they weigh between 1,800 –
3,000 kg, with calves weighing 40 – 60 kg at birth (Estes 1991; Save The Rhino 2018).
The skin color of black and white rhinos is not different; they are both grey (Estes 1991;
Emslie & Brooks 1999; Save The Rhino 2018). Observable skin color differences could
only be a result of soil conditions where individual animals are located as they tend to
wallow in mudholes or dust (Save The Rhino 2018). Both species have naked skin with
hair only on the ears, tail tips and eyelashes. The main distinguishing feature between the
two species is the shape of their mouth, which is an adaptation to their feeding habits.
Black rhinos are browsers; they use their prehensile hooked lip to grasp and nibble shrubs
and low branches (Estes 1991; Emslie & Brooks 1999; Save The Rhino 2018). The flat
and square shaped upper lip of the white rhino makes it easy for the animal to feed on
ground vegetation, mostly grasses since it is a grazer (Emslie & Brooks 1999; Save The
Rhino 2018). White rhinos have a big head. Because of the muscles that support the neck,
the animals spend most of their day with their head lowered and feeding on the grasses on
the ground, raising the head only when alarmed. They have a pronounced hump at the
back of the neck. Black rhinos have a small hump on the back of their neck (Save The
Rhino 2018). Unlike their white counterparts, black rhinos have smaller heads, so they do
not require as much muscle strength on their neck to support their heads. They can easily
raise their head to feed on higher bushes and tree branches (Save The Rhino 2018).
Both species have two horns of different sizes located at the end of the nose. The
anterior horn is usually much larger than the posterior. For black rhinos, on average the
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front horn has a length of about 50 cm. The shape of the horn often differs amongst males
and females. Male horns are usually thick while female horns tend to be thinner and
longer (Estes 1991; Save The Rhino 2018). The horn, which is what makes the species
most attractive to poachers looking for quick income, is made of keratin, the same
material that makes up human hair and finger nails (Emslie & Brooks 1999; Biggs et al.
2013). It is smooth throughout its length and rougher at the base where it frays appearing
hairy due to protruding individual filaments. When held against the light, the middle part
of the horn is translucent with an amber glow. The tip of the horn is darker, almost black;
it is the hardest part of the horn since it is compressed (Emslie & Brooks 1999). A pair of
white rhino horns, the anterior and posterior, can weigh up to about 6 kg together (Emslie
& Brooks 1999). Rhino horns grow through the lifetime of the animal. How fast they
grow is dependent on the species, the animal's age and sex, and its behavior and
environment, on average, they grow at a rate of 5 cm per year (Emslie & Brooks 1999).
For this reason, if trimming is used as a management and anti-poaching strategy, it has to
be repeatedly done, making the process very expensive (Emslie & Brooks 1999).
Even though many studies have been done to investigate possible strategies that
can be employed to curb the poaching threat faced by the species, seemingly none of
them has managed to come up with a plausible solution that has produced the desired
outcome. The rates of poaching on the species are still alarmingly high, and the strategies
used by the poachers are ever evolving making it hard for the anti-poaching teams to
keep up with them (Lunstrum 2014). South Africa, the stronghold of the species is also a
hub for poaching (Lunstrum 2014). Government statistics reported that about 7,130
rhinos were lost to poaching in South Africa alone in the past decade. In this range state,
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poaching rates have been escalating since 2007 where 13 rhinos were poached; the peak
was reached in 2014 with 1,215 reported poaching incidences (Emslie & Adcock 2016;
Knight 2017; National Geographic 2018). Since then, there has been a decline in the
number of poaching incidences reported in the country with 1,175 in 2015, 1,054 in 2016
and 1,028 in 2017 (Emslie et al. 2016; Knight 2017). While this could raise hopes that the
battle against poaching is just about won, the increasing poaching rates in other range
states offset this breakthrough. While the poaching pressure is slowly subsiding in South
Africa, it is intensifying in neighboring range states like Zimbabwe and Namibia (Emslie
et al. 2016; knight 2017). Namibia reported 30 and 94 poaching incidences in 2014 and
2015 respectively, while Zimbabwe reported 20 and 50 incidences for the same years
(Emslie et al. 2016; Knight 2017). Additionally, since South Africa lost over a thousand
rhinos to poaching in 2017, representing about three rhinos per day, this means that
although trends show a decline, rhino poaching remains at crisis level in the country.
This review aims to consolidate and summarize what is known about the two
African rhino species. Available knowledge about the species including recent efforts
against poaching and the development of anti-poaching strategies is highlighted. We also
outline issues that require urgent attention to ensure the persistence of the species.
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Figure 1.2.1 - Black rhino (Diceros bicornis) cow and calf, in South Africa's flagship Kruger National
Park. Photo Credit: Sam Ferreira, used with permission.

Figure 1.2.2 - White rhino (Ceratotherium simum) in South Africa's flagship Kruger National Park.
Photo Credit: Sam Ferreira, used with permission.
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1.3 Taxonomy
Rhinos belong to the family Rhinocerotidae (Emslie 2012). This family is made of four
genera, Dicerorhinus and Rhinoceros, which are in Asia, Ceratotherium, and Diceros
native to Africa representing the white and black rhinos respectively (Emslie & Brooks
1999; Emslie et al. 2016). The Asian genera are divided into three species (Emslie et al.
2016). Only one species represents the black rhino genus Diceros, D. bicornis. There are
three extant subspecies under this species. These are the southwestern black rhino D. b.
bicornis, the Southern-central black rhino D. b. minor, and the Eastern black rhino D. b.
michaeli (Emslie & Brooks 1999; Emslie 2012; Emslie et al. 2013; Emslie & Adcock
2016). A fourth subspecies, the western black rhino (D. b. longipes) was declared extinct
in 2011 (Emslie 2012; Emslie et al. 2013; Emslie & Adcock 2016).
The white rhino genus Ceratotherium also has one species Ceratotherium simum
with two subspecies: the southern white rhino C. s simum and the northern white rhino,
C. s. cottoni (Emslie & Brooks 1999; Emslie 2012). There are ongoing debates about the
classification of the species, with some scientists advocating for the classification of the
northern and southern rhinos as separate species (for example Groves et al. 2010) and
some advocating for the maintaining of the current classification as sub-species (Harley
et al. 2016). Harley et al. (2016) support their stance using a study they conducted,
comparing the whole mitochondrial genome sequences of both subspecies. Although they
observed some differences, these differences were not big enough to warrant the
classification as separate species (Harley et al. 2016). There is a possibility that the
lineages of the two subspecies diverged about 200, 000 years ago (Harley et al. 2016).
According to Emslie & Adcock (2016), another independent genetic study conducted at
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the San Diego Zoo by Oliver Ryder reached a similar conclusion as that of Harley et al.
(2016). As such the taxa are recognized as subspecies instead of being considered as
independent species (Emslie & Adcock 2016). Whichever method of classification is
chosen has implications in the conservation strategies employed to save the species from
extinction, particularly the northern white rhino that is already extinct in the wild with
only three individuals surviving in captivity in Kenya (Harley et al. 2016). If the
separation into species is adopted, then crosses between the northern and southern white
rhinos to save northern white rhinos would be improper because such crossing is only
allowed among sub-species (Harley et al. 2016).
1.4 Distribution
In the 19th century, the black rhino was the most numerous of all five extant rhino species
(Estes 1991; Emslie & Brooks 1999). Individuals in Africa numbered hundreds of
thousands with a range stretching from central-west Africa to the south of the continent,
encompassing most of sub-Saharan Africa (Moodley 2017). Not only did the species
have a wide distribution, but it was also common in most parts of the continent (Emslie &
Brooks 1999). During the Pleistocene, white rhino range stretched from Morocco in the
northern most of Africa all the way to South Africa in the southern tip of the continent
(Skinner & Chimimba 2005). By the 19th century, this range had been significantly
reduced and was more restricted compared to that of the black rhino, with many of the
range states having lost their populations to extinction. The range was limited to the
grasslands and savannah woodlands of southern Africa (Emslie & Brooks 1999).
Historically, each of the black rhino subspecies occurred in locations that were
distinct from each other, but the boundaries were quite permeable, and thus the ranges
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tended to overlap (Emslie & Brooks 1999). The differences observed between the
subspecies are assumed to represent the habitat and climatic differences in each of their
core locations (Emslie & Brooks 1999; Emslie & Adcock 2016). It is speculated that each
of the species has both genetic and behavioral adaptations to its specific location (Emslie
& Brooks 1999). In some cases, barriers such as the “Transkei gap” impeded free
movement between subspecies (Emslie & Adcock 2016).
Currently, black rhinos are found in East and southern Africa. Their range limited
to just five countries; South Africa, Namibia, Kenya, Zimbabwe, and Tanzania, arranged
in order of their population abundances (Emslie & Adcock 2016; Moodley et al. 2017).
South Africa is a stronghold for the south-central subspecies, D. b. minor, with
Zimbabwe being a major range state (Emslie & Adcock 2016). The subspecies also
occurs in Tanzania, however in smaller numbers (Emslie & Adcock 2016; Moodley et al.
2017). The historical range of this subspecies is believed to have been from southern
Tanzania, Zambia, Zimbabwe, Mozambique, northwestern and northeastern South Africa
(Emslie & Adcock 2016). In most of this former range, the subspecies now occurs in
small and segregated populations, mostly in protected areas (Emslie & Adcock 2016).
Although with uncertainties, historically, the subspecies is also believed to have occurred
in southern Congo, eastern Botswana, Malawi, and Swaziland (Emslie & Adcock 2016).
The southern-central subspecies is believed to have gone extinct in Angola and
Mozambique. Introductions of the subspecies have been made in Botswana, Malawi,
Swaziland, and Zambia (Emslie & Adcock 2016). The southwestern species was first
reintroduced in South Africa in 1985. Today it occupies about 3,819 km2 in the western
and southeastern parts of the country (Emslie & Adcock 2016). Kenya is a stronghold for
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the eastern subspecies, D. b michaeli, housing 678 of the remaining 886 members of the
subspecies (Emslie et al. 2016). This subspecies is not native to South Africa. It was
introduced in the country in 1962. Today it occurs on private lands occupying an area of
about 350 km2. The intention is to use this South African population as a source in
reestablishing populations in the subspecies' historic range in East Africa (Emslie &
Adcock 2016). South Africa's black rhino population has been instrumental in the
reestablishment of populations in other range states that had suffered extinction by
providing founder animals. Recipient range states include Botswana, Malawi, Swaziland,
Tanzania, Zambia, and Zimbabwe. There is a possibility that in the future, some animals
will be translocated to Rwanda and Chad as well (Emslie & Adcock 2016).
Unlike the black rhino subspecies, the ranges of the two subspecies of the white
rhino have always been disjunct and never overlapped. Emslie and Brooks (1999)
described the distribution of these subspecies as strikingly discontinuous. This was
attributed to the genetic differences between the subspecies, which were considered
higher than those observed in the black rhinos (Smith et al. 1995). The northern
subspecies ranged from northwestern Uganda, southern Chad, south-western Sudan,
eastern Central African Republic, and north-eastern Congo (Emslie & Brooks 1999). This
distribution was believed to be favored by suitable habitat, which included grasslands,
sparse savannah woodland, water availability and favorable distance from human
settlements (Emslie & Brooks 1999). By the 1990s, poaching of the subspecies had
reduced its range to just northeastern Congo where the population had been reduced from
31 to 25 individuals in 1995, and maybe southern Sudan (Emslie & Brooks 1999). The
southern subspecies had a wide distribution throughout the bushveld of southern Africa.
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This subspecies was almost extinct towards the close of the 19th century a time when
only one population of about 20 – 50 animals remained (Emslie & Brooks 1999). By
1997, it had bounced back from the brink of extinction following many conservation
efforts. Numbers grew to about 8,440 individuals distributed in 247 wild populations and
650 animals in captivity (Emslie & Brooks 1999).
Efforts to reestablish extinct populations of the southern white rhino subspecies in
its historic range were made. Small populations were reintroduced in some range states
including Namibia, Botswana, Zimbabwe, and Swaziland (Emslie & Brooks 1999).
Reintroductions were also extended to other countries outside the historic range of the
subspecies, including Kenya, Uganda, and Zambia (Emslie & Brooks 1999; Emslie &
Brooks 2007). Uganda and Kenya were once range states for the northern subspecies of
the white rhino, in its absence due to poaching, the southern subspecies was introduced in
its place (Emslie & Adcock 2016). The native population of Mozambique was poached to
extinction, and so was the reintroduced population. Individuals that migrated from South
Africa’s Kruger National Park (Emslie & Adcock 2016) have reestablished the
Mozambican population of white rhinos.
Currently, white rhinos are the most numerous of the five rhino species with
individuals distributed in eleven range states in the east and southern Africa, namely:
Botswana, Kenya, Malawi, Mozambique, Namibia, South Africa, Swaziland, Uganda,
Tanzania, Zambia, and Zimbabwe (Knight 2017). As of December 2015, southern Africa
houses about 97% of the total white rhino population (Emslie et al. 2016; Knight 2017).
The animals are distributed in eight countries in the region, three of which; South Africa,
Namibia, and Zimbabwe, are considered major range states for the species. The major
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range states, including Kenya, another major range state in the east of the continent,
collectively house 98% of the population of white rhinos (Emslie et al. 2016; Knight
2017). South Africa is a stronghold for the white rhinos (Emslie & Brooks 1999; IUCN
2008; Emslie & Adcock 2016), housing 90% (18,413 of the estimated total of 20,378) of
the population of white rhinos in Africa in 2015 (Emslie & Adcock 2016) and 80% of the
total 29,000 rhinos in the world (National Geographic 2018). Most of South Africa’s
rhinos are found in Kruger National Park (Emslie & Adcock 2016), South Africa’s
largest and flagship park located on the north-eastern border of the country (De Vos et al.
2001).
Southern Africa is home to about 84% of the population of black rhinos in Africa
(Emslie et al. 2016; Knight 2017). The four major range states house 95% of the total
black rhino population in Africa (Emslie et al. 2016) and Namibia is a stronghold for the
species (Emslie et al. 2016).
The distribution and population numbers of both African rhino species have
declined throughout the continent (Otiende et al. 2015). The species are currently listed
as endangered, a status justified by the rate at which population numbers are declining.
This rate is reportedly faster than that of any other extant large terrestrial mammal (Kelly
et al. 1995). Most range states have suffered local extinction of their rhinos (Kelly et al.
1995; Emslie & Brooks 1999; Emslie & Adcock 2016). Populations now occur in only
four major range states, South Africa, Namibia, Kenya, and Zimbabwe (Kelly et al. 1995;
Emslie & Brooks 1999; Emslie & Adcock 2016) where they survive in artificially created
sanctuaries for their protection (Otiende 2015).
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1.5 Genetics and evolution
A range-wide genetic assessment of black rhinos has not been sufficiently done. As such,
not much is known about the species' genetic variations throughout its range (Moodley et
al. 2017). This limitation is because local extinctions in some of the species' historical
range states, particularly those in Western, Central, and Northeast of the continent,
happened before details of these populations could be documented. Additionally, the
surviving populations in the five countries are a mixture of individuals translocated from
different parts of the historical range, and not much is known about their history and how
they are related to the original local populations (Moodley et al. 2017). Debates about the
species’ evolutionary status have been ongoing for decades (Groves & Grubb 2011). The
few available studies on the genetic studies of black rhinos are limited in geographic
scale, molecular coverage, or sampling (Harley et al. 2005; Kotzé et al. 2014). From their
findings, it is hard to adequately assess the effects of past extinctions and their possible
impact on the species' genetic diversity (Moodley et al. 2017). This dearth of such
important information compromises the effectiveness of conservation efforts as it makes
it difficult to define conservation units (Moodley et al. 2017).
A study of molecular genetics of black rhinos conducted by Harley et al. (2005)
using preserved cell cultures from South Africa, Namibia, Zimbabwe, and Cameroon,
showed a significant genetic differentiation among the three black rhino subspecies
(Harley et al. 2005). This differantiation justifies their consideration as subspecies
(Emslie & Adcock 2016). However, experts do not expect an outbreeding depression to
occur in the crossing of any two of these subspecies (Emslie & Adcock 2016). An
analysis of DNA samples using Rhino DNA Indexing System (RhODIS) showed that the
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subspecies D.b. michaeli differed greatly from the other two subspecies (Emslie &
Adcock 2016). Differences within the same subspecies have also been observed. For
example, the population of D.b. minor subspecies found in Kwazulu-Natal in South
Africa show low genetic diversity when compared to the neighboring Zimbabwean
population, although historically, the two populations were once connected (Kotzé et al.
2014).
Recently, another study by Moodley et al. (2017) attempted to assess the predecline genetic variation in the populations of black rhinos across its historic range using
preserved and modern samples. The results revealed that the remnant populations in
current strongholds have not only been compressed but also partitioned, with signs of
genetic erosion (Moodley et al. 2017). Mitochondrial DNA is unevenly distributed in the
species' range (Moodley et al. 2017). Three east African countries, Uganda, Tanzania,
and Kenya have the highest variation from the assessments of preserved samples. South
central countries, Zambia, Malawi, Angola, and Zimbabwe were in second place
regarding diversity, following the eastern countries. The lowest variation occurs at the
west, northeast, and south-west boundaries of the species range. From their analyses,
Moodley et al. (2017) observed 64 haplotypes, with only 31% (a total of 20) from
samples of extant populations. This result symbolizes a significant range-wide and
country-level loss of mitochondrial diversity since the 20th century (Moodley et al. 2017).
On comparing their results with the historical data from four of the five countries with
remnant black rhino populations, Moodley et al. (2017) found a significant decline in the
mitochondrial variation of the animals alive today. This decline is most pronounced in the
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eastern countries; Tanzania and Kenya, where a reduction to 11 from 34 haplotypes was
observed (Moodley et al. 2017).
The genetics of white rhinos are under studied; there is not much available
research on them. According to Harley et al. (2016), the northern and southern white
rhino subspecies diverged between 0.46 - 0.97 million years ago. This claim is based on
the genetic analyses of whole mitochondrial genome sequences conducted on the species
(Harley et al. 2016). Groves et al. (2010) had estimated the time to be more that this
based on their analyses of partial mitochondrial DNA sequences. Additionally, Groves et
al. (2010) concluded from their study that the two forms of the white rhino are very
different and thus deserve to be classified as independent species, not subspecies. As
such, they suggested Ceratotherium cottoni for the northern subspecies and
Ceratotherium simum for the southern subspecies (Groves et al. 2010).

1.6 Habitat
Black rhinos inhabit a wide range of habitats from nutritionally poor areas like semideserts, to wet forested areas, high densities have also been observed in savannahs with
fertile soils and dense bushveld areas. In their habitat, black rhinos need to have plenty of
bushes and shrubs of the right height to browse (Owen-Smith 1988; Emslie & Brooks
1999; Emslie & Adcock 2016). The species also requires permanent water supply in its
habitat (Emslie & Brooks 1999; Emslie & Adcock 2016). The carrying capacity of a
black rhino habitat is determined by the availability of preferred plant species, size,
structure (Emslie & Adcock 2016), amount of rainfall, soil nutrient status, fire histories,
levels of grass interference, extent of frost and the number of other large browsers
(Emslie et al. 2009). Black rhino home range size varies widely and may be determined
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by the habitat and to some degree by the age and sex of the animal (Estes 1991). Male
home ranges of sizes 3.9 - 4.7 km2 and 5.8 - 7.7 km2 for females were observed in Natal,
South Africa. An average home range size of 16 km2 was observed for both males and
females in Ngorongoro, Tanzania and home ranges of 43 - 133 km2 for some in
Serengeti, Tanzania (Estes 1991). Subadult bulls tend to move about more than the other
groups (Estes 1991).
White rhinos commonly occur in grassland and savannah habitats (Emslie &
Brooks 1999; Emslie & Adcock 2016). Their habitat consists of: areas with short grass
(Skinner & Chimimba 2005), preferably with medium to tall stands of two grass species:
Panicum maximum (Shrader 2003) and Themeda triandra (Owen-Smith 1988).
Surrounding trees, surface water for drinking and wallowing, bush cover, and a relatively
flat terrain are prefered (Skinner & Chimimba 2005). For males, territories do not overlap
and can be as small as 0.75 km2 and as big as 13.9 km2 in size. Natural features such as
rivers and watershed or human-made features like roads (skinner & Chimimba 2005)
usually delineate territories.

1.7 Feeding habits
The two rhino species differ substantially in their feeding behavior as made evident by
the differences in the shapes of their mouthparts. The black rhino is almost a pure
browser. They use their pointed upper lip to reach up to bushes and shrubs to nibble
leaves, fruits, and twigs on their branches (Owen-Smith 1988; Estes 1991; Emslie &
Brooks 1999). The species makes use of its horn to remove bark from the plants and
break high branches. They also use the horn to dig on the soil at salt licks (Estes 1991).
Black rhinos show more preference for leguminous herbs and shrubs (Estes 1991). They
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have been observed to feed extensively on small Acacia plants, (Acacia spp.) less than a
meter in height and not hidden by grass (Emslie & Adcock 2016). They also browse other
woody species, and succulents like Euphorbiaceae (Emslie & Adcock 2016). The species
feeds on over 200 plant species belonging to approximately 50 families (Estes 1991).
Although black rhinos prefer to drink daily, they can survive for about 4 - 5 days without
drinking water, if there are succulent plants to browse. They may travel for distances up
to 25 km almost every day in search of drinking water. During droughts, the animals can
dig in sandy riverbeds. If they have sites with wetlands in their proximity, black rhinos
will visit them regularly during dry seasons (Estes 1991).
The white rhino is a pure grazer (Estes 1991; Skinner & Chimimba 2005) and can
feed on grass until it is as short as 25 – 60 mm above the ground (Owen-Smith 1988).
They lower their heads to the ground and use their square lips to graze on the grass. It is
for this reason that white rhinos are mostly found in open grasslands and sparse savannah
woodland habitats (Estes 1991; Emslie and Brooks 1999). During seasons when their
preferred grass species are in low abundances, white rhinos do make up for food shortage
by shifting to other species. They do not even eat more grass species than usual; they
instead survive on the fat reserves in their bodies through the dry season (Shrader et al.
2006). In addition to the vegetation, white rhinos need to have ample water in their
habitat. Where an adequate amount of water is available, they often drink twice per day,
but they can survive for 2 - 4 days without drinking if they must travel for long distances
to get to the water source (Estes 1991).
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1.8 Activity patterns
Both rhino species are, for the most part, sedentary. Their activity is mainly characterized
by feeding and sleeping. They are mostly active either in the early morning hours or later
in the day. During this time, they move about feeding (Estes 1991). They are least active
in the midday when the temperatures are at their highest. They gather their legs, lie on
their briskets and rest (Estes 1991). Occasionally, they will lie in the sun, but like many
animals without hair, they are wallowers, and they usually spend this time rolling in
mudholes covering their bodies in mud (Estes 1991). They also roll in the dust in the
absence of mudholes and may rub or scratch themselves against surfaces to remove skin
parasites (Estes 1991). They sleep at night, lying on their sides or even sleep while
standing (Estes 1991).

1.9 Behavior
Black rhino adult bulls are usually solitary and territorial. Their home ranges may overlap
(Estes 1991). Meetings amongst bulls with overlapping home ranges are usually peaceful,
characterized by head and horn nudging and lying side by side (Estes 1991). On an
encounter with a stranger in its home range, a bull may be aggressive (Estes 1991). It is
not usual for females to be found in isolation (Estes 1991). Contrary to popular belief,
black rhinos are not as antisocial as usually portrayed. They exhibit very similar behavior
to that of their white counterparts (Estes 1991). Males may tolerate other males in their
territory if they do not stir up trouble (Estes 1991). Temporary large groups of about 13
animals have been seen among members of the species, especially around water holes
and salt licks. Such associations can be amicable, but sometimes a degree of tension is
unavoidable (Estes 1991).
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White rhinos are semi-social and territorial (Estes 1991). Adult cows tend to have
overlapping home ranges made of about 6 -7 territories with a size of 1.65 km2 on
average (Estes 1991). Female, white rhinos, and sub-adults of the species are not
normally found in isolation, they usually pair up with their youngest calves for about
three years or until the mother gives birth to another calf. A calf of 2 - 3 years of age that
has separated from its mother after the mother calves again finds a mate, normally of the
same age and sex or joins another pair made of a cow and her calf (Estes 1991). Cows
without calves can tolerate one or more juveniles. Two cows without calves can come
together for some time, leading to the formation of stable crashes with up to six
individuals living in close association for days or even years (Estes 1991; Shrader &
Owen-Smith 2002). Larger groups occasionally occur but only temporarily, especially
during the day, in areas with abundant food, water or favorable resting conditions (Estes
1991; Save The Rhino 2018). Sub-adults of both sexes usually disperse from highly
populated areas to low population density areas to regulate the population size (OwenSmith 1988).
Adult cows do not normally allow any other individual to come very close to
them, except their mates. Younger individuals tend to associate with others more and
may engage in horn wrestling (Estes 1991). Adult bulls are more solitary, associating
only with females on heat (Estes 1991; Save The Rhino 2018). Within a bull's territory,
there may be one, or less commonly 2 or 3 satellite bulls, who may also live in the
territory long enough for the owner to become accustomed to their presence to the point
of ignoring them, provided they remain submissive. Otherwise, they may be treated as
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intruders by the territorial owner leading to aggressive behavior in defense of the territory
(Estes 1991).
Rhinos use the scent of their middens to delineate their territories. They may also
use regularly used trails as boundaries. Bulls can also mark the boundaries of their
territory using their urine (Estes 1991). For defense against predators or each other,
rhinos use their horns as stabbing weapons or staves respectively (Estes 1991). Rhinos
can make different sounds including loud puffing, a snort of alarm and high-pitched
squeals which can be quite surprising for animals of their size (Estes 1991).

1.10 Reproduction
There is no specific breeding season for rhinos (Estes 1991). Females reach sexual
maturity between the ages of 6.5 - 7 years, although conception has been observed for
individuals between ages 3.8 to 5.7 years (Estes 1991). Males are sexually mature, on
average, at ten years of age. Gestation in rhinos lasts anywhere between 15 to 16 months,
usually giving birth to a single calf which remains with its mother for about 2 to 4 years
or until the birth of another calf. Lactation lasts between 1 - 2 years and the inter-calving
range is usually between 2.75 - 4 years (Estes 1991). Courtship behavior between a male
and a female is characterized by cautious approach and urine-testing, retreat and circling,
dominance and threat displays, nudging with horn and head and rubbing muzzle on
female's sides and shoulders (Estes 1991). After identifying a female on heat by testing
her urine, the male will make advances, conditioning her to become receptive to mating,
eventually copulating with her, usually for about 30 minutes. At this time, the cow stands
still, sometimes making low-pitched squeals (Estes 1991). A female may be on heat for
three days, and this time, different males may mate with her (Estes 1991).
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1.11 Density and population size
Black rhinos were the most numerous of all the rhino species at the beginning of the 19th
century. Their numbers exceeded several hundreds of thousands of individuals. By 1960,
about 100, 000 of the animals were left (Emslie & Brooks 1999; Leader-Williams 2003).
By 1970 numbers were estimated at 65, 000 individuals in the continent. Between 1970
and 1992 the continent lost about 96% of its black rhinos to poaching and numbers
plummeted further (Emslie & Brooks 1999; Leader-Williams 2003). In the early 1990s,
around 1995, numbers were estimated to be as low as 2 410. As of 2015, numbers were
estimated at 5,261 with a 90% bootstrapped confidence interval of 5,053 - 5,467 (Knight
2017). Encouragingly, population numbers of the species are showing a significant
increase (Knight 2017).
The southern white rhino nearly went extinct late in the 19th century. The species
was over-hunted by colonial settlers, and more of its habitat was being cleared for
agriculture (Emslie & Brooks 1999; Emslie & Adcock 2016). By 1895, only about 20 50 individuals had survived the onslaught, and they were in Kwazulu Natal, South Africa
(Emslie & Brooks 1999; Skinner & Chimimba 2005; Emslie & Adcock 2016). From that
time, conservation and protection efforts on the species intensified and numbers began to
increase (Milliken et al. 2009; Emslie & Adcock 2016). As of 2015, estimates of
population numbers stood at 20,584 with a 90% bootstrapped confidence interval of
19,871 - 21,292 (Knight 2017), making it the most abundant of all extant rhino species.
The observed trend of population growth is levelling-off (Knight 2017). The northern
white rhino has not done that well. Not only has it been lost in almost all its range states,
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but the species is also extinct in the wild, and only three individuals are left in the
continent, surviving in captivity in a park in Kenya (Save The Rhino 2018).
The nature of rhino habitat makes an accurate estimation of numbers difficult
(Conway & Goodman 1989). Various direct and indirect estimation methods are used
(Emslie & Brooks 1999). Direct methods include both aerial (Emslie & Brooks 1999) and
ground techniques (Conway & Goodman 1989). Ground counts involve visual
identification methods using individuals’ unique features like ear notches, ear tears, horn
configurations, damaged tails, and body scars (Conway & Goodman 1989; Emslie &
Brooks 1999). Indirect methods of estimation are useful in instances where rhinos are
rarely seen. These may include spoor photography and analysis or DNA analysis of dung.
In the population estimates, the aim is to make estimations within 90% of the true total
(Emslie & Brooks 1999)

1.12 Interspecific interaction
Conservationists are aware of the interactions between elephants and rhinos, but what is
known about these interactions is not well documented (Slotow & van Dyk 2001).
Common interactions between the species include competition for waterholes and
displacing each other (Slotow & van Dyk 2001). Elephants have always been thought to
be the major competitor for rhinos, particularly black rhinos, considering the amount of
similarity between the two species. Elephants are capable of both browsing and grazing.
Available food resources determine their feeding habits, while black rhinos are strict
browsers with preference for dwarf shrubs, succulents, and forbs (Owen-Smith 1988;
Landman et al. 2013). The two species coexist in a wide range of habitats (including
woodlands, grasslands, and semi-deserts) where they share several food resources like
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leaves, twigs, and bark (Owen-Smith 1988). As Schoener (1974) observed, it is
impossible for such species to live together, dependent on the same resources
indefinitely, an interspecific competition that will lead to the species utilizing different
resources is bound to arise. A study that was conducted in Addo Elephant National Park,
South Africa, showed that elephants reduced the amount of available browse in the park
(Landman et al. 2013). This impact had implications on the pure browsing black rhinos
co-habiting with the elephants (Landman et al. 2013). The rhinos were observed to shift
their diet leaning more towards grasses when the elephants were present (Landman et al.
2013). However, the conclusions could not be generalized beyond the study site due to its
limited scope, but they provide a good foundation for future studies (Landman et al.
2013).
Where competition among elephants and black rhinos is evident, it tends to be
asymmetrically favoring the larger bodied elephants. The large body size of the elephants
gives them a competitive edge over the smaller rhinos as they can topple larger trees to
access tips of branches and even roots. The mobile trunk of elephants also gives them an
added advantage as they can reach a wide vertical range of up to 8 m above the ground
while rhinos can only reach up to less than 2 m (Owen-Smith 1988).
Elephant related white rhino mortality has been observed in different rhino
populations in Pilanesberg and Borakalalo National Parks, Hluhluwe-Umfolozi Park,
Itala and Shamwari Game Reserves, Letala Ranch, and Mabula Lodge (Slotow & van
Dyk 2001). In Pilanesberg National Park, the problem animals were said to be young bull
elephants that reached their musths 10 years earlier than expected and had been
translocated from Kruger National Park before they were 10 years old with an intention
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to establish a mature bull hierarchy in the destination park as it was nonexistent (Slotow
& van Dyk 2001). From this observation, there are arguments that elephant caused
mortality in rhinos might be caused by musth patterns in the elephants (Slotow & van
Dyk 2001). There is a strong evidence supporting this claim as musth males were on
several occasions seen chasing and wounding rhinos. Additionally, when musth males
were culled, rhino mortality stopped temporarily (Slotow & van Dyk 2001). Mortalities
were verified to be elephant caused by examining the carcasses for large puncture
wounds from the elephant tusks on either the shoulder or the neck and looking for signs
of elephant close to the carcass including spoor, trampling, and actual elephant presence
near the carcass (Slotow & van Dyk 2001). There are records from historical sources for
1994, 1996 and possibly 1992 showing about 49 elephant caused deaths of both male and
female rhinos of all ages (Slotow & van Dyk 2001).
1.13 Parasites and infectious diseases
Studies on the parasites and infectious diseases of African rhinos have not been widely
done (Penzhorn et al.1994). However, there are concerns that infectious diseases in
rhinos will, soon act in cooperation with poaching in the reduction of populations, as
such, they are considered an emerging threat to the species (Ramsey & Zainuddin 1993;
Penzhorn et al. 1994).
Arthropod parasites found in African rhinos include arachnids (ticks) and insects
(flies) (Penzhorn et al. 1994). Ticks mainly attach themselves on the skin folds in the
perineal area, in or around ears, and around the eyes of the rhinos (Penzhorn et al.1994).
Forty tick species have been reported as African rhino parasites. However, only three of
these are confirmed parasites of the species; the rest are thought to have been incidental
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infestations (Penzhorn et al. 1994). The three species are Amblyomma rhinocerotis,
Dermacentor rhinocerinus, and Amblyomma personatum. The first two species were
found in both black and white rhinos in the east, center, and south of the African
continent (Theiler 1992). The latter was found in rhinos from two eastern countries,
Kenya, and Tanzania, and one country on the equator, Gabon (Walker 1991; Theiler
1992). A fourth tick species, Amblyomma sparsum, has multiple hosts, including
mammals and reptiles, but it shows great affinity for black rhinos (Walker 1991; Theiler
1992).
The insect parasites are four fly species Glossina spp. (tsetse flies), Gyrostigma
spp. (rhinoceros bot flies), Lyperosia spp., and Rhinomusca dutoiti. Rhinos are reportedly
not preferred hosts for the Glossina spp., but rhinos infected with trypanosomes are
evidence that the species may be parasites of the rhino (Penzhorn et al.1994). Another
species of the tsetse fly, Glossina longipennis that happens to have the same habitat
preference as black rhinos, dry bushveld, was found to feed primarily on the black rhinos
in Kenya (Weitz 1963; Mihok et al. 1992). Gyrostigma pavessi a species of the
rhinoceros bot fly, infects both rhino species which happen to be their only hosts
(Penzhorn et al. 1994). Adult bot flies do not live for very long as they have rudimentary
mouthparts and do not feed. The second and third larval stages of this parasite are the
ones that are parasites to the rhinos. An adult female lays her eggs either in front or below
the anterior horn, or in between the two horns (Penzhorn et al. 1994). After hatching, the
larvae migrate in the epidermal tissue of the cheeks and mouth into the esophagus
(Penzhorn et al. 1994). These larvae grow in the stomach of the host until they are
mature, after which they are ejected with feces into the soil where they develop into a
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pupa (Penzhorn et al. 1994). A smaller species of this bot fly, Gyrostigma conjugens, has
been seen in some black rhinos in east Africa (Penzhorn et al. 1994)
Rhinomusca dutoiti is larger than a housefly, and it is a blood-sucking parasite
that infects both African rhino species (Zumpt 1964; Young 1966). Lyperosia spp. is
quite small and has mostly been found in black rhinos in Kenya (Parsons & Sheldrick
1964). Adults of the species lay their eggs on fresh dung and return to its site of
attachment on the host rhino. Since rhinos make dung piles, this favors the species
because it always has a moist place to breed in these middens (Penzhorn et al. 1994).
There are also about forty helminths species found to be parasites of African
rhinos. Most of these are nematodes, two are trematodes, and two are cestodes (Penzhorn
et al. 1994). The dominating nematode genera include Khalilia, Kiluluma, Murshidia, and
Quilonia while the dominating species is the Probstmayria, which was observed in large
numbers in animals in South Africa and Namibia (Penzhorn et al. 1994).
Blood-borne protozoan parasites belonging to the order Piroplasmida, commonly
known as piroplasms, have been found to be the cause of death in rhinos in South Africa,
Kenya, and Tanzania (Nijhof et al. 2003; Penzhorn 2006; Obanda et al. 2011). The
species Theileria bicornis and Babesia bicornis have caused mortalities in the black rhino
populations in South Africa and Tanzania (Nijhof et al. 2003). A study by Otiende et al.
(2016) found the species Theileria bicornis to be widespread in both black and white
rhinos in Kenya. However, the animals were sub-clinically infected (Otiende et al. 2016).
What is more concerning about these infections is that, the onset of the disease,
piroplamosis, seems to be linked to translocation (Otiende et al. 2016). Translocation is
an essential tool in the conservation of rhinos as animals from different subpopulations
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are moved around to facilitate gene flow and manage population size in the
metapopulation (Emslie et al. 2009).

1.14 Ecosystem services
Rhinos are important ecosystem engineers (Emslie & Adcock 2016). They reduce fuel
load and fuel continuity by maintaining short grass patches in their habitats (Waldram et
al. 2008; Cromsigt & te Beest 2014). The waterholes they create and maintain for
wallowing become important for other species (Emslie & Adcock 2016). Their dung
helps improve the soil fertility as such promoting the germination and growth of many
plant species (Emslie & Adcock 2016). The removal of rhinos from a place may have
serious repercussion in the form of trophic cascades (Everatt et al. 2016)

1.15 Use and trade
The CITES (Convention on International Trade in endangered Species of Wild Fauna and
Flora), in 2004 approved that, at most, five individual surplus black rhino males be
hunted in limited quotas per year in two major range states, South Africa and Namibia
(Emslie & Adcock 2016). This approval was in line with demographic and genetic
metapopulation goals (Emslie & Brooks 2016). With these conditions, a total of 40
males, which is 15 individuals less than the number allowed by the quota, was hunted in
South Africa in the decade from 2005 - 2015. This figure represented 0.2% of South
Africa's black rhino population at the time (Emslie & Adcock 2016). Trophy hunting for
black rhinos has also been done and has yielded desirable outcomes, having expanded the
range of the black rhino through translocation and improving genetic and demographic
conservation while bringing in funds to support conservation activities (Emslie & Adcock
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2016). Limited trophy hunting of white rhinos was legalized in 1968 in South Africa. In
1994 during the 9th meeting of the conference of the parties to CITES, South Africa's
white rhinos were partially down listed to allow the sale of live individuals from the
country to approved destinations and the continued export of individuals for trophy
hunting (Emslie & Adcock 2016). This partial down listing was extended to Swaziland in
the 10th CITES Conference of the Parties in 2004 (Emslie & Adcock 2016).
The domestic trade of live black rhinos is legal in South Africa (Emslie & Adcock
2016). Black rhinos are also very important in ecotourism. However, because of their
elusive nature, and preference of thickets, it is not easy to see them compared to the white
rhinos (Emslie & Adcock 2016).
Rhino horn is used in some countries in Asia and the Middle East. Two Asian
countries have been found to be major importers of the illegal horn from Africa, Vietnam
the leading importer and China is second to Vietnam (Emslie et al. 2016). It has
medicinal uses in China, as a supposedly irreplaceable ingredient in traditional Chinese
medicine (Emslie & Brooks 1999). This traditional medicine is believed to relieve a
range of ailments including, hangover and terminal illness such as cancer (Emslie &
Brooks 1999). However, there is no scientific evidence to support the claims of rhino
horn having pharmaceutical properties (Nowell 2012). In Vietnam, it is used as a status
symbol and a luxury good, for making dagger handles (Graham-Rowe 2011; Milliken &
Shaw 2012). In some countries in the Middle East, Yemen, and Oman for example, it
also has ornamental value and is used as an expensive material in the making of dagger
handles (Emslie & Brooks 1999).
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1.16 Threats
Rhino horn is one of the charismatic mammal products that are in high demand in the
black market (Haas & Ferreira 2016). It is because of the horn that the animals are
threatened. Threats faced by rhinos can broadly be categorized into two: external and
internal threats. External threats are mainly driven by the high demand for the horn in
Asia and the Middle East, the main external threat being poaching for the horn (Emslie &
Brooks 1999). Most horns from poached African rhinos are trafficked to Asia where their
main market is and where the already high demand continues to increase (Emslie &
Brooks 1999; Emslie & Adcock 2016). Internal threats are perpetuated by activities
taking place within the range states (Emslie & Brooks 1999). Internal threats have
indirect effects on the persistence of the species. They do not kill the animals directly but
create favorable conditions for poachers to carry out their activities with minimal chances
of apprehension or encourage more people to poach to satisfy their financial needs
(Emslie & Brooks 1999). These include wars, poverty, increasing costs of protecting the
species, decreasing conservation budgets, attitudes and perceptions of politicians and
local people towards conservation activities, and land squabbles (Emslie & Brooks 1999).
Both external and internal threats lead to the same result, which low rhino population
numbers (Emslie & Brooks 1999).
Historically, both species were hunted and killed as trophies and for their
products. These products include meat, skin which was used in the making of shields and
good luck charms, blood, bones, and dung which were used as ingredients in traditional
medicines and potions known to relieve fevers and headaches among other ailments
(Emslie & Brooks 1999). Hunting pressure was exerted on the species by European
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settlers from the central-west to the east of Africa for purposes of trade, and new land
uses (Emslie & Brooks 1999). They were hunted from areas earmarked for human
settlement and their habitats destroyed by land management practices and human
encroachment (Emslie & Brooks 1999). So intense was this pressure that of the hundreds
of thousands that were estimated to be roaming the continent early in the 19th century,
about 100, 000 black rhinos had survived the onslaught by 1960, and only about 65, 000
individuals left by 1970 (Emslie & Brooks 1999). In the second half of the 20th century,
the catastrophic decline in rhino population numbers was aggravated by poaching for the
horns for trade in the black market (Emslie & Brooks 1999). International legislation and
domestic bans on the trade of the horn could not protect the species from financially
motivated poachers involved in this lucrative illegal business as the horn is highly priced
in the black market. Ever since the species have been under siege (Emslie & Brooks
1999).
Efforts to curb poaching on rhinos have not shown much success because the
large scale on which it happens, and the involvement of highly organized transnational
crime syndicates makes it very complicated to deal with (Emslie & Adcock 2016).
Transnational wildlife crimes are often foolproof and difficult to counter because they
usually are facilitated by high levels of corruption and involve complex networks that are
hard to disrupt as they are made of some individuals, from the staff on the ground
working in close association with the animals. These include game farmers, park rangers,
and veterinarians, through to official personnel including customs officials and the police
who supply fake documents, laundering and holding facilities and transportation for the
wildlife products being trafficked (Ayling 2013). The drop in the price of live rhinos and
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the constant increase in the price of the horn in the black market have perpetuated another
angle of corruption. This situation has resulted in some ranch owners collaborating with
poaching gangs. The ranch owners reportedly strike deals with these gangs, permitting
their rhinos to be poached in exchange for a share in the profits made after the illegal sale
of the horn. They use part of the money they make in these deals to buy another live
rhino to replace the one that has been poached (Duffy 2014).
Since the year 2007, rhino horn prices have constantly been increasing in the
black market, this together with the increasing demand for the horn, have fueled the
poaching pressure on the species to rates so high that the future of the species is bleak
(Thomas 2010). Notably, consumers of the horn are insensitive to its price, as the demand
has constantly been increasing along with the price (Haas & Ferreira 2016). Horn prices
over the years have been estimated at $4 700/kg in 1993, $5 000/kg in 2009, $10 000/kg
in 2010, $20 000/kg or $60 000 - $80 000 per animal at the end of 2011, and $65 000/kg
in 2012 (Child 2012; Biggs et al. 2013).
Poaching losses from 2003 to 2005 were represented by a yearly average of 0.2%
of the total population of white rhinos (Emslie et al. 2007). This percentage had increased
to 5.3% of the white rhinos in Africa by the year 2015 (Emslie et al. 2016). For the past
decades, the has been a rapid increase of white rhino population numbers in South
Africa's Kruger National Park, the stronghold for the species. Lately, the numbers for
both species in the park are likely on a downward spiral as poaching of the species
continues to intensify (Ferreira et al. 2015; Emslie et al. 2016). South Africa has been
hardest hit by the poaching as exponential growth in reported poaching incidences has
been observed over the years since 2007 where 13 rhinos were poached, reaching a peak
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of 1,215 in 2014 and slightly declining in 2015 and 2016 (Emslie et al. 2016; Knight
2017). Although the trend shows a decline, the numbers still overshoot 1,000 per year, as
such remaining worryingly high.
Poached rhino numbers in the continent increased for six years in a row from 426
in 2010 to 1,342 in 2015 (Emslie et al. 2016). There is a possibility that these numbers
could be higher as there are chances that some carcasses were not discovered (Emslie et
al. 2016). Numbers of rhinos poached in 2015 represent 5% of the total population of
rhinos in Africa, 3.8% and 5.3% for black and white rhinos respectively when separated
by species (Emslie et al. 2016). Continental population growth rates have been estimated
at 7.2% for white rhinos and 4.7% for black rhinos since 1995 until 2007 (Emslie et al.
2016). The observed poaching rates for 2015 are very close to these growth rates. This is
a cause for concern since, at this rate, mortality rates will soon exceed birth rates. This
could lead to a decline in population numbers (Emslie et al. 2016).
Over the years, white rhinos in the African continent have been doing quite well
in surviving the poaching pressure, with their population numbers observed to be
increasing, though slowly but steadily. All along deaths due to poaching in a part of the
range were being offset by births in the other parts of the species' range. However,
recently, this poaching pressure has been so intense that there are now serious concerns.
If the status quo is maintained, that is, the exponential trend observed in poaching rates
continues, the species might reach its tipping point very soon, by the end of 2019 there
will be fewer than 10 000 rhinos remaining (Knight 2013).
Poached white numbers are usually higher than those of black in areas where they
co-exist. This is because while black rhinos tend to be elusive, with a preference for areas
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with thickets, white rhinos prefer open grasslands increasing their visibility and
consequently vulnerability to poaching. For this reason, white rhinos act as a buffer for
their black counterparts (Emslie & Adcock 2016). Two other factors that increase white
rhino susceptibility to poaching are their tendency to be found in herds, while black
rhinos are more solitary, and their higher average horn weight as they are larger than
black rhinos (Emslie & Adcock 2016).
The big challenges that are inherent to these increasing poaching rates are the
associated costs of protecting the species that keep increasing while the incentives lessen
(Emslie & Adcock 2016). This increased cost has demotivated some private rhino owners
in South Africa who now seek to disinvest from the rhinos to avoid bearing the hefty
costs of protecting the species. When private rhino owners remove their animals, the
situation is aggravated as this has several repercussions, including the reversal of the
expansion of the range, may reduce budgets allocated for conservation as numbers of live
sales are reduced (Emslie & Adcock 2016). All these lead to reduced budgets and
capacity to manage the species, and this infringes on the conservationists’ ability to curb
poaching (Emslie & Adcock 2016) effectively.
If rhinos will be saved from the looming extinction due to poaching, it is
important that the driver behind the high demand of the horn be understood and measures
to reduce it be in place. Consequently, this may help decrease its value in the black
market, thus releasing a fair amount of the poaching pressure on the species, significantly
reducing the costs needed for its protection in the wild (Emslie & Brooks 1999). With
decreasing conservation budgets, it is becoming increasingly harder to protect the species
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from the onslaught, as anti-poaching measures are capital intensive (Emslie & Brooks
1999).
Another major threat to rhinos that is second to poaching is habitat loss (Altizer
2003; Emslie & Brooks 2016), which has a bearing on the extent of available habitat and
connectivity of habitat patches (Emslie & Brooks 2016). Increasingly more land is being
cleared to make way for human settlement and agricultural expansion. Resultant isolated
protected areas impede movement between subpopulations and threatens the species with
the negative effects of inbreeding, like loss of genetic diversity in the smaller
subpopulations, unless intervention through active management of the metapopulation is
done (Emslie & Adcock 2016).
Habitat quality maybe interfered with by competing species and vegetation
changes driven by invasive non-native plant species and other factors. For example, the
carrying capacity of the habitat housing South Africa's second largest subpopulation has
been reduced because of changes in vegetation succession, trees growing in sizes not
preferred by the species, especially for the browsing black rhino, and plant species
preferred by the species being replaced by unpalatable species (Emslie & Adcock 2016).
Other threats that are not as emphasized as the two major threats include the
adverse effects of climate change, which may be expressed as occasional severe droughts
resulting in the mortality of individuals or reduced growth rates for subpopulations
(Emslie & Adcock 2016). Another one is the proposed legislation to reduce farm sizes to
sizes much small for black rhinos to live comfortably in the arid areas (Emslie & Adcock
2016). Corruption in the enforcement of anti-poaching efforts, increasing costs, and
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decreasing incentives are also other threats that aggravate poaching (Emslie & Adcock
2016; Emslie et al. 2016).

1.17 Current conservation efforts on the species
In 1977 both African rhino species were listed under CITES Appendix 1 (Emslie &
Adcock 2016). Appendix 1 lists the most endangered species, which are threatened with
extinction. As such, international trade in the specimens of these species is prohibited,
permissible only under exceptional circumstances like purposes of scientific research
(CITES 2018). Since then, international commercial trade in the species and its products
has been banned (Emslie & Adcock 2016). In the 1990s, in support of CITES
international trade ban, many user states effected anti-trade measures and established
laws prohibiting the domestic trade of the species and their products. These countries also
increased their law enforcement efforts (Emslie & Adcock 2016). In 1994, with the
southern species of white rhinos having bounced back from the brink of extinction and
numbers showing a steadily increasing trend, the species was down listed and recategorized in Appendix II (Emslie & Adcock 2016). Appendix II contains species which
are not necessarily threatened with extinction but may end up being threatened if the
trade is not carefully monitored (CITES 2018). The subspecies is listed in this appendix
permitted the trade of live animals and the export of hunting trophies to acceptable
destinations (Emslie & Adcock 2016). In 2005, white rhinos were listed by CITES in
Appendix II for South Africa and Swaziland and Appendix I for all other range states
(Emslie & Adcock 2016). For black rhinos, approved sport hunting quotas limit the
hunting to five surplus male black rhinos per year from two major range states; South
Africa and Namibia (Emslie & Adcock 2016; Emslie et al. 2016).
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Several regional initiatives, coordinated by the IUCN SSC African Rhino
Specialist Group, have been formed to ensure the effective conservations of the species.
These include the SADC RMG, East African Rhino Management Group, and the
Southern African Rhino and Elephant Security Group (Emslie & Adcock 2016).
The success observed in the conservation of African rhinos and the recovery of
populations of both species has been made possible through a combination of effective
management strategies including field protection and biological management of the
subpopulations, amongst other factors (Emslie & Adcock 2016). These have facilitated
the expansion of the species’ ranges (Knight et al. 2011; Knight et al. 2012). Today, most
rhinos are found in protected areas with concentrated law enforcement efforts like fenced
refuges, conservancies, rhino conservation areas, and intensive protection zones.
Subpopulations are closely monitored to provide information needed in the decisionmaking for the biological management that would ensure increased population growth
rates (Emslie & Adcock 2016). This management has made it possible to grow
populations fast enough to provide excess animals that have been used as founders in the
re-establishment of subpopulations in areas within the historic range where the species
had been extinct and to introduce them in areas outside of their historic range (Emslie &
Adcock 2016). With all these efforts in effect, the escalating rates of poaching fueled by
the ever-increasing horn prices in the black market still threaten the longevity of the
species (Emslie & Adcock 2016).
To reduce the mortality rates of the species, the rhinos are often removed from
areas that are hotspots for poaching; like areas close to international borders. Such areas
decrease chances of poachers being apprehended (Emslie & Adcock 2016). From these
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areas, the animals are moved to areas easily accessible to management and anti-poaching
teams (Emslie & Adcock 2016). Moving black rhinos from locations from where
population numbers are high, population growth is being limited by environmental, and
density-dependent factors (Greaver et al. 2014) may promote the rates of growth in those
places (Emslie & Adcock 2016). This is important as lower mortality rates coupled with
high birth rates could help populations make up for the poaching losses (Rachlow &
Berger 1998).
Challenges associated with the effective conservation of rhinos include the fact
that, not one strategy is sufficient to save the species. For example, in the long-term, antipoaching efforts on their own will not guarantee the persistence of the species. At best,
they will only reduce the rates at which the poaching is happening (Humphreys & Smith
2014). This is because the financial motivation behind the poaching is likely to
overwhelm anti-poaching efforts (Challender & McMillan 2014). To get the most out of
on the ground anti-poaching strategies like patrols, other innovative strategies that make
use of technology, like electronic identification and tracking tags, radio collars, drones
and camera traps are being put in place in some of the regions key population to provide
essential data that is needed in conservation decision making to ensure the persistence of
the rhino population in the continent (WWF 2018). These are also very useful in larger
areas that cannot be handled by one ranger (Haas & Ferreira 2015). Investigations on the
possible use of social network analysis to interrupt the international syndicates are under
way (Haas & Ferreira 2015). Additionally, efforts to involve local communities and
encourage their participation in the conservation of rhinos are already in place in some of
the species major range states, notably Namibia, where the people are assisted in setting
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up conservancies, empowered with knowledge, skills, and capacity building they need to
govern these conservancies and manage the wildlife in them. As a result, the communal
lands now house the largest population of black rhinos remaining in the wild (WWF
2018). In South Africa, harnessing local capacity in the conservation of rhinos involves
community governance, training, and identification of alternative livelihood opportunities
and income generating strategies for the communities where the poachers are believed to
come from (Child 2012; WWF 2018).
It is also important that fines associated with poaching activities be very high to
reduce the profits made from the sales of the horn. Otherwise, if they are low, they do not
discourage the poaching syndicates who may see them as an insignificant tax on the
substantial profits, encouraging them to keep on their activities. As such custodial
sentences might be a more effective alternative to deterring them (Emslie & Adcock
2016).
In smaller subpopulations, de-horning the rhinos may complement anti-poaching
patrols and reduce returns poachers enjoy from the sale of the horns (Emslie & Adcock
2016). However, good law enforcement remains important because the remaining horn
stub is still desirable to poachers (Emslie & Adcock 2016). For larger populations, dehorning may not be a strategy that conservationist should opt for to complement antipoaching patrols as it can be very expensive to undertake (Lee & Roberts 2016) and
raises concerns about the aesthetic value of the animals in national parks and game
reserves (Emslie & Adcock 2016).
With the increasing costs and decreasing incentives associated with the
conservation of rhinos, it is suggested that the international trade ban of the rhino horn be
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reconsidered as money made from the sale could be used to fund the conservation of the
species thus making the project self-sustaining and relieving the need to source these
funds from the drying conservation coffers (Biggs et al. 2013; Ferreira et al. 2014). Such
debates have polarized the ideas as some studies, for example, Challender & McMillan
(2014) and Crookes & Blignaut (2015) are opposed to the idea, suggesting that focus
should be given to efforts that aim to reduce the demand in the user states because the
market dynamics are not understood. Suggested measures that can be undertaken to do
this include social marketing, education campaigns, and intergovernmental co-operation
(Challender & MacMillan 2014; Blignaut 2015).
The conservation of rhinos is becoming more aggressive and increasingly
militarized (Lunstrum 2014). The ever-increasing rates of rhino poaching incidences have
forced conservationists to consider going into ‘war’ to save the species. It has been
observed that poachers tend to be highly organized, skilled, and armed (Lunstrum 2014;
Mukwazvure & Magadza 2014). The highly militarized nature of the poachers leaves the
conservationists with no other option but to militarize their responses as well. As such,
conservationists have been compelled to adopt the shoot-on-sight or shoot-to-kill
approach to saving the rhinos (Duffy 2014). They consider this strategy a necessary
immediate response to poachers on site and a legitimate war to save critically endangered
species including rhinos and elephants (Duffy 2014; Lunstrum 2014). They support this
claim by stating “This is war. You cannot take a stick to a gun fight.” (Mukwazvure &
Magadza 2014). This has seen conservation efforts converging with militarization, a
process that Lunstrum (2014) calls green militarization.
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Unfortunately, these approaches to conservation have not been received well by
communities living near parks where the animals are found. It is vital that the local
communities be in support of the conservation activities happening close to them, as their
support has a bearing on the effectiveness of the conservation efforts, particularly the
efforts to mitigate the poaching crisis (Emslie & Adcock 2016).
All the species now heavily depend on conservation for their persistence (Emslie
& Adcock 2016). Important intervention includes enhanced protection efforts, high
penalties, and efforts to expand ranges, re-introductions, and campaigns for the reduction
of the horn demand in consumer states (Emslie & Adcock 2016).

1.18 Conservation status and future directions
Today, all species of African rhinos are legally protected throughout their range in the
continent. Black rhinos are classified under CITES Appendix 1. Two of the three extant
black rhino subspecies; D. b minor and D. b michaeli, are classified in IUCN’s Red List
of Threatened Species as Critically Endangered (Emslie 2011), meaning they are facing
an extremely high risk of extinction in the wild (IUCN 2001). Population estimates of the
south-central subspecies, D. b minor, reveal that its numbers have declined by over 80%
in the past three generations. The most affected range states are Zambia, Zimbabwe,
Mozambique, Malawi, Botswana, and Tanzania (Emslie & Adcock 2016). The third
subspecies, D. b bicornis, is classified as vulnerable (Emslie 2011). For all the
subspecies, the increasing rates of poaching driven by the increasing prices of the horn in
the black market, which are in turn driven by the increasing illegal demand, work
together to exacerbate the extinction threat on the species (Emslie 2011).

40

White rhinos are classified as Near Threatened, because although their numbers
currently stand at just above 20, 000 animals, and showing an increasing but somewhat
levelling-off trend (Emslie 2011; Emslie et al. 2016), poaching of the species remains
rife. At the current rate, we might be facing a future without the species. The northern
subspecies of the white rhinos are classified as critically endangered; it is extinct in the
wild with only three individuals surviving in the captivity in Kenya (Emslie 2011).
Major conservation actions for rhinos that are in place, and will continue to be
implemented into the future include in-situ conservation management, community
conservation, law enforcement and protection, capacity building, and DNA forensics
(Emslie et al. 2016). In-situ conservation management includes monitoring and routine
translocations. These are important for the establishment of the population with higher
probability to thrive and to ensure that the established populations are productive (Emslie
et al. 2016). Partnerships among stakeholders including private and community
custodianship of rhinos are facilitated; co-management agreements and international
translocations are considered.
Community involvement in the conservation of rhinos has had good results in
Namibia. For this reason, it is increasingly being recognized as an effective strategy that
is set to be implemented in other range states (Emslie et al. 2016). Law enforcement and
protection are being intensified. More law enforcement staff is being deployed. To
supplement the efforts of this staff, dogs, technology, and in some areas, aerial support is
increasingly being used (Emslie et al. 2016). Sanctuaries are being fenced, and Intensive
Protection Zones are being established within them, for example in Kruger National Park.
In some places, the rhinos are dehorned (Emslie et al. 2016).
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CHAPTER 2
ATTITUDES AND PERCEPTIONS ON RHINO POACHING AND
CONSERVATION AMONG LOCAL COMMUNITIES IN SWAZILAND

2.1 Abstract
Rhino poaching has been recognized world over as a conservation crisis. Poachers
because of the high price attached to its horn target the species. The horn, mainly made of
keratin, the same material that makes up human hair and nails, is believed in some Asian
cultures, notably in China, to have therapeutic qualities. Countries like Vietnam use it as
an economic and cultural status symbol. These factors have seen rhino poaching rates
escalating. This study was carried out in two communities close to Hlane Royal National
Park in Swaziland. It assessed the communities' attitudes and perceptions towards rhino
poaching and conservation. A survey was used to collect data from sixty households on
their perceptions and attitudes towards rhino conservation; and their willingness to
participate in rhino conservation activities. Descriptive statistics were used in the analysis
of the results. The findings indicate that no efforts have been made to involve local
people in conservation activities, and the people do not benefit anything from the park’s
activities. This made 20% of them express willingness to help rhino poachers provided
they are paid for their services. Of the remaining 80%, some mentioned that they would
not help poachers for fear of being apprehended. Still, some mentioned that they would
not help poachers, not because they are afraid of being jailed, but because they are
concerned about the ongoing poaching and believe its prevention is important. We learnt
that participant’s perceptions on rhino conservation were strongly affected by the lack of
benefits from the park and its activities. For this reason, we propose that the park
authorities should invest in building a people-park relationship. They need to provide
opportunities for the local communities to participate in conservation activities. They
should also consider revisiting some of their conservation policies and make efforts to
return some rights over wildlife to the residents. To do this, they may need to devise
monitoring and enforcement strategies that involve and empower the residents. They are
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not likely to succeed in their efforts to conserve rhinos in the park unless they are willing
to collaborate with community members.

Key words: Swaziland, Hlane Royal National Park, attitudes, perceptions, communityconservation, rhino poaching

2.2 Introduction
In the 1960s, African rhino range extended from the west to the east and south of the
continent where rhinos roamed in large numbers. By 1997, many countries within this
historical range had lost all their rhinos. Where they remained, populations were
declining (Emslie and Brooks 1999). Today, a large percentage, approximately 90%, of
the remaining rhinos are found in only four countries: South Africa, Namibia, Zimbabwe,
and Kenya, which are considered major range states for the species and where poaching
activities are rife (Knight 2013; 2014; 2015). Swaziland, with a population of
approximately100 rhinos (Knight 2013) is one of the minor range states in which the
species have been re-introduced (Emslie and Brooks 1999). The two species of African
rhinos are classified as critically endangered and near threatened in the IUCN Red List of
Threatened Species, with poaching and habitat destruction indicated as the main threats
(IUCN 2017).
Conservationists in southern Africa have used and almost exhausted their
creativities in trying to come up with anti-poaching strategies aimed at saving rhinos
from the strong grip of financially motivated poaching syndicates (Duffy et al. 2013).
Strategies range from the passive and friendly approaches, which include raising
awareness on the importance of the species through campaigns led by the many rhino
charities to the most active, and radical approaches, which include the militarized,
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policing, approach characterizing most of the rhino sanctuaries around the world. Despite
all the efforts and strategies, the future of the species is still bleak. The rate at which
rhino poaching is occurring threatens the longevity of the species (Knight 2012). The
main motivator towards the poaching is the high price attached to the horn in the black
market (Child 2012; Biggs et al. 2013). Its price is currently estimated to be above that of
gold, diamonds, and cocaine (Biggs et al. 2013). This anticipated financial gain makes
poachers blind to the risks associated with poaching and carry-on with the illegal,
unsustainable, and disruptive use of the species. No amount of threats from armed antipoaching teams seems to deter them. Reports of poachers shot and killed do not instill
enough fear to discourage them. Instead, it encourages them to evolve their strategies to
outsmart the anti-poaching forces. Considering the status quo where poaching is
concerned, they seem to be succeeding (Biggs et al. 2013).
This paper aims to document the attitudes and perceptions of members of two
communities neighboring Hlane Royal National Park in Swaziland, towards the
conservation of wildlife, particularly rhinos. The study was done to determine whether
the local people would be willing to collaborate with conservation agencies in the
protection of rhinos. It also aims to ascertain whether they would be willing to make
monetary donations towards conservation causes, to gauge how much they value wildlife.
It also aims to outline possible strategies, as suggested by the community members, that
could be employed in the conservation of rhinos to save them from the vicious activities
of poaching teams.
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2.2.1 Why is this study needed?
The perceptions and values of communities in Swaziland towards wildlife, particularly
rhinos, and its conservation, their willingness to support conservation efforts in the form
of financial donations or even involvement on the ground like in community based
conservation that provides surveillance against poachers and other threats to the animals
has not been sufficiently studied, as evidenced by the lack of available literature on the
subject. Limited studies that have been conducted in other countries and partially address
this issue, like one conducted by Muntifering (2017) in Namibia confirm that community
involvement in conservation usually brings impressive results. Despite these potential
benefits of this approach to conservation, as observed in other rhino range states, very
little is known about efforts to implement it in Swaziland. Knowledge about the values
and perceptions of local people towards wildlife and its conservation becomes important
if efforts to employ participatory conservation strategies are to be made. Recent trends of
rhino poaching observed in the major range states like South Africa, and Zimbabwe, and
raising serious concerns about the future of the species. As such, there is need that as
many people as possible are involved in its conservation.
2.2.2 What is unique compared to other studies?
Studies that have been done thus far focus mainly on the effectiveness and benefits of
community-based conservation. Much attention and interest are given to what
conservation stands to gain from involving local communities without much
consideration of what the members of the communities think or even how they feel about
conservation in the first place before attempting to involve them in the activities. Nothing
has been written about communities’ perceptions and values towards conservation in
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Swaziland, yet this information is of great importance in the design of effective
community-based conservation strategies. There is a genuine need, that can no longer be
ignored, to understand how local people perceive the conservation of wildlife for park
authorities to be able to address any grievances the members of the communities might
have that may trigger retaliatory behaviors from them, expressed in illegal entrance to the
protected area and unsustainable use of the natural resources that are supposed to be
conserved.
2.3 Study Objectives
2.3.1 Broad objective
To assess attitudes and perceptions of communities neighboring Hlane Royal National
Park in Swaziland, towards rhino poaching and conservation.
2.3.2 Specific objectives
i)

To assess factors that might influence attitudes and perceptions of local people
towards rhinos and their conservation in the park.

ii)

To determine the level of exposure and awareness of the local people towards
rhino conservation efforts.

iii)

To assess the willingness and motivation of local people neighboring the park
towards supporting conservation activities and draw implications for effective
participatory rhino conservation and management.

2.3.3 Research questions
i)

What are the common perceptions about rhinos among members of the
communities neighboring Hlane Royal National Park?
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ii)

What are the attitudes of the local people towards rhinos and their
conservation?

iii)

How willing are the local people to support rhino conservation causes?

iv)

What factors are likely to affect the local people’s positive perceptions
towards rhino conservation?

v)

What are the implications of the local people’s perceptions for effective
participatory rhino conservation efforts?

2.4 Literature Review
2.4.1 Evolving conservation strategies
Historically, conservation strategies in many developing countries excluded local
communities. They encouraged that people be kept out of conservation areas using
coercive measures like deploying the army to protect natural resources from them
(Hackel 1999). These strategies promoted the view of local people as criminals rather
than residents (Brandon and Wells 1992), and they overlooked the fact that the
commitment and participation of local people in conservation activities are crucial for the
success of the endeavor (Vodouhê et al. 2010).
Many conservationists working in poorer countries unanimously agree that any
conservation effort that excludes local communities is doomed to fail (Hackel 1999;
Hamilton et al. 2000; Hulme and Murphee 2001; Manfredo et al. 2004; Yeo-Cahng
2009). Excluding local people results in many conflicts between the local people and park
administration, it sparks acrimonious people-park relationships that foster negative
perceptions towards parks and their activities in the local people (Hulme and Murphree
2001; Manfredo et al. 2004). Recently, the importance of involving local communities is
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being recognized in conservation circles. More effort is being made to involve these
communities (Anthony 2007). However, not much is known about the perceptions,
beliefs, and attitudes held by the local people towards the management of the protected
and conservation areas (Vodouhê at al. 2010). Getting insights into the factors that
determine pro conservation attitudes and perceptions among local communities is
important to ensure the effectiveness of any conservation effort that may be undertaken in
conservation areas (Vodouhê at al. 2010). It is critical that these factors be well
understood if local people's awareness about and their appreciation of the importance of
conservation will be improved (Vodouhê et al. 2010).
2.4.2 Factors that influence perceptions and attitudes of local people towards
conservation
Studies have revealed several factors that influence the values and perceptions held by
local people towards protected areas and their conservation activities. Some of the factors
include, the history of park management and the level of awareness about the existence of
the protected areas (Ormsby and Kaplin 2005), the reference to future generations (Bauer
2003), the levels of education among the local people (McClanahan et al. 2005; Vodouhê
et al. 2010), age, gender and ethnicity of the people, and the benefits they enjoy the park
(Pyrovetsi and Daoutopoulos 1997; Sah and Heinen 2001; Allendorf et al. 2006;
Vodouhê et al. 2010), among other things. Gillingham and Lee (1999) and Sah and
Heinen (2001), also noted that local people's socio-economic status, demographic
information, and perceptions towards biodiversity conservation and park management
could be used as predictors of the people's perceptions towards conservation. These
results show just how diverse the factors that determine local people's values, attitudes,
and perceptions towards conservation are.
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Mehta and Heinen (2001), Bauer (2003), Silori (2007), Baral and Heinen (2007)
and (Vodouhê et al. 2010) noted that there is a strong correlation between benefits
enjoyed by local people from parks and their positive perceptions towards conservation.
Local communities develop negative perceptions towards protected areas that do not
benefit them (Hulme and Murphree 2001; Manfredo et al. 2004). In times past, central
governments controlled all conservation activities (Berkes 2004; Berkes 2007). As such,
very little to none of the monies that were generated by activities in the protected areas,
notably park entrance fees from tourists, were invested in the development of local
communities. The governments were the major beneficiaries, and they enjoyed it all
(Hackel 1999). In a study by Vodouhê et al. (2010) where local people did not benefit
anything from conservation, they expressed feelings of injustice, as they believed that the
central government was stealing their resources. With protected areas increasingly
generating more income from tourism activities, Goodwin (1996) notes that this income
has the potential of providing sustainable benefits to the local people making them
appreciate and value wildlife and encourage their willingness to protect it because they
will see it a source of income. The benefits act as an incentive to spark their interest in
the conservation of the natural resources (Vodouhê et al. 2010).
Members of local communities with higher education tend to have proconservation attitudes while illiterate members gravitate towards negative perceptions
(Vodouhê et al. 2010). Community members with no higher education tend to rely on
local natural resources for their livelihoods heavily. If excluded from them, they are not
likely to have a good relationship with the protected areas whose main objective is to
conserve natural resources (Anthony 2007). Higher education makes the local people
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appreciate the importance of the park and its usefulness in the conserving natural
resources (Vodouhê et al. 2010). In their study, Vodouhê et al. (2010) noted that literate
community members did not have much interest in having access to the natural resources
in the park because they derived their livelihood from their jobs. This is helpful for
conservation since it reduces their contact with the park, its staff members, and resources
thus making education of the people an important factor in making natural resource
conservation sustainable (Vodouhê et al. 2010).
Studies conducted in some developing countries in Africa, Nigeria, and
Cameroon, (Ite 1996; Bauer 2003; Abdullahi et al. 2007; Vodouhê et al. 2010) showed
that communities who considered it important for future generations to see wildlife also
portrayed positive attitudes towards conservation.
2.4.3 Benefits of involving local people in conservation
‘Community conservation’ a conservation strategy in which the local people participate
(Infield and Namara 2001), advocates for the empowerment of local communities,
accommodating their needs and aspirations. It ensures their involvement and active
participation in the management of the local natural resources, in the process, improving
their economic wellbeing (Songorwa 1999; Infield and Namara 2001; Mehta and Heinen
2001).
In the study by Vodouhê et al. (2010) conducted in Pendjari National Park, Benin
west Africa, allowing local people to participate in park management permitted them to
occasionally harvest medicinal plants and fruits after having been authorized to do so. It
also gave them access to more affordable meat from game hunts. These, in turn, fostered
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a positive perception among the community members and made them concerned about
the conservation objectives.
Danielsen et al. (2007) found that involving local communities in conservation
complemented conventional scientific methods of conservation, especially monitoring,
making the joint effort more effective. They also noted that monitoring done by local
people provides a more cost-effective alternative, especially where conventional
monitoring is not possible.
2.4.4 Conclusion
It is acknowledged that, indeed, the perceptions and values held by local people towards
conservation areas determine the way the communities interact with these areas, which in
turn has a bearing on the effectiveness of conservation efforts (Ormsby and Kaplin 2005;
Allendorf et al. 2006; Ramakrishnan 2007). For this reason, park managers should make
efforts towards understanding local people's perceptions about conservation if they intend
improving the relationship between the park and the residents in its periphery and
achieving their conservation goals (Weladji et al. 2003). The knowledge of people's
perception towards conservation can yield information that could be included in decisionmaking processes, which can in turn help in the resolution of conflicts between park
authorities and local communities (Trakolis 2001; Manfredo et al. 2004).
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2.5 Methodology
2.5.1 Study Area

Figure 2.1 - Map of study area, study communities circled

This study was conducted in Hlane Royal National Park (Fig. 2.1), Lubombo
administrative region, North Eastern Swaziland (Fig. 2.1). The altitude of the park ranges
from 150 – 300 m above sea level (Monadjem 2005), and it covers an area of 22 000ha
(Big Game Parks 2016). This national park is fenced. Its climate is subtropical with two
distinct seasons, the hot wet (October to March) and the cool dry (April to September)
(Hurst et al. 2013). Average temperatures are 26 0C in January and 18 0C in July. Rainfall
ranges between 550 and 725 mm (Monadjem 2005). The vegetation is mainly Lowveld
savannah with dominant vegetation types being Acacia savannah (covering the biggest
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part of the park), broadleaved woodland and riverine forest made of evergreen trees
(restricted to the sides of streams and rivers) (Monadjem 2005; Hurst et al. 2013).
It was proclaimed a national park in 1967 (Big Game Parks 2016). This park was
selected as the study area because it is the largest protected area and the only national
park in the country, rhinos are one of its flagship species, and there have been several
reports in the local news about attempts of rhino poaching in this park. Two communities
neighboring the park (circled in Fig. 2.1) were included in the survey, Khuphuka
community on the southwestern edge of the park and Hlane Community on the
southeastern edge of the park. The most important livelihood activity in both these
communities is subsistence farming. These are the closest communities to the park.
2.5.2 Research design
A descriptive research design was used for this study. A survey was conducted in two
communities neighboring Hlane Royal National Park, to assess the attitudes and
perceptions of members of these communities towards rhino poaching and conservation.
2.5.3 Target population and sample size
Sixty heads of randomly selected households in the two communities, Hlane (n = 30) and
KaKhuphuka (n = 30) were interviewed. This was based on their willingness to
participate in the study. In the absence of the head of the household, their wives, or any
other member of the household above the age of 18 was interviewed. The participants’
age ranged from 18 to 65 years. We defined a household as an individual or group of
individuals living under the same roof or different roofs in the same compound.
The results show a gender imbalance of 59% females and 41% males because, in
most of the households we visited, the heads were said to be absent, whether out in the
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fields or away in the work place. None of the households we approached declined to take
part in the interview.
2.5.4 Data collection
Data were collected using face-to-face interviews guided by a structured questionnaire.
Questionnaires were written in English, but all interviews were conducted in the local
language siSwati, because, the level of education among adult members of the
communities, especially the KaKhuphuka community, is relatively low. The
questionnaire consisted mostly of closed-ended questions. Open-ended questions were
included to investigate the perceptions and attitudes of the local people towards wildlife
conservation in general and rhino poaching in particular; and their willingness to donate
towards rhino conservation causes. Questions on attitudes and interests were measured
using a five-point Likert scale. General demographic characteristics, age, and gender
were also collected.
According to (Kideghesho et al., 2007) an attitude is made up of three
contributing factors; behavior or the intention to carry out a specific behavior (for
example, such as being for or against a particular action), knowledge or a cognitive factor
and the affective factor (relating mostly to beliefs and emotions). We had questions that
encompassed all three of these factors. For the cognitive factor, we had three questions;
(i) Are you aware of any rhino charities and how have their campaigns influenced you?
(ii) How frequently do you interact with situations involving rhinos and (iii) Do you think
rhino poaching is an issue today? From the answers to these questions, we wanted to
ascertain the frequency of exposure of residents to issues involving rhinos since they live
close to a national park, their knowledge of the plight faced by rhinos, and to find out if
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they recognize any of the current efforts at rhino conservation. For the second category,
the affective factor, we had three questions; (i) How would you rate your love for
wildlife? (ii) How would you describe your attitude towards rhino poaching? (iii) How
important is the prevention of rhino poaching to you? For the third and last category, the
behavior factor, we had two questions: (i) Would you help a poacher in exchange for
money and (ii) How much would you be willing to donate towards a conservation cause?
Through the answers to these questions, we wanted to measure to what extent would they
support rhino conservation efforts. Summed together, the responses to all these questions
helped us understand the attitudes of the residents towards rhinos and their conservation.
A strict human subject’s protocol was adhered to prior and during each of the
interviews. The aims of the survey were briefly but outlined to each potential subject
after which informed consent was sought before proceeding with the interview. Aims
were explained as to assess the perceptions and attitudes of residents towards rhinos and
their conservation. We sought information that would help us understand how the
residents felt about rhinos and their poaching and find out to what extent would they be
willing to support rhino conservation efforts (whether they would be willing to be
recruited by poaching syndicates, they would be willing to provide information and
monitoring against poachers, or they would be willing to make monetary donations
towards rhino conservation causes).
Potential subjects were made aware that their participation was voluntary and that
they could choose at any point not to continue with the interview should they feel
uncomfortable with any of the questions. They were all assured of absolute
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confidentiality and anonymity of their responses. To ensure this; identifiers were not
collected. On average, each interview took no longer than 20 minutes to complete.
To validate and support the findings of the survey conducted in this study, books,
peer reviewed journals, and related past research findings were reviewed.

2.6 Data analysis
For the analysis of the data, descriptive statistics were used; mainly frequencies and
percentages.
2.6.1 Results
2.6.1.1 Attitudes of residents towards rhino poaching and conservation
Table 2.1 - Residents' thoughts towards rhino conservation

Response
Questions

Yes

No

%

%

Do you think rhino poaching is an issue today?

85

15

Are you aware of any rhino charities

17

83

Have their rhino conservation campaigns had any effect on you?

40

60

Would you help a poacher in exchange for money?

20

80

85% of the respondents said they believe rhino poaching is a big issue worth the attention
of conservationists, 15% stated that they believe it is not (Table 2.1). Only 17% of those
interviewed said they were aware of some rhino charities, mostly Save The Rhino. Of
these, 40% said the campaigns from these charities had an impact on them, including
helping them realize the importance of wildlife and why it deserves protection. The rest
said the campaigns had no impact on them and they did not change the way they viewed
or felt about rhinos. 20% of the respondents admitted that, given an opportunity to help a
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poacher in his activities, with the promise of getting a share from the money made after
the sale of the horn, they would gladly do it, while 80% said they would not (Table 2.1).
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Figure 2.2 – Residents’ love for wildlife

Respondents were asked to rate their love for wildlife on a scale of 1 to 5, with 5 being
the most passionate. 56% considered themselves most passionate (rating themselves at a
5), 12% said they love wildlife but would not consider themselves very passionate (rate
of 4). Another 12% rated themselves at a 3 and 2, respectively, 8% rated themselves with
a 1 insinuating that they do not care about wildlife and they are not passionate about it
(Fig. 2.2).
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Figure 2.3 – Residents’ attitudes towards rhino poaching

The local people’s attitudes towards poaching were also ranked on a five-point Likert
scale; not concerned, moderately unconcerned, indifferent, moderately concerned and
very concerned. Most of the 56% respondents who considered themselves very
passionate about wildlife also said they were very concerned about the ongoing rhino
poaching. 18% considered themselves moderately concerned, 5% were indifferent, 3%
were moderately unconcerned while 17% were not concerned (Fig. 2.3).
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Figure 2.4 - Residents' rating of the importance of the prevention of rhino poaching
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Most of the respondents (88%) considered the prevention of rhino poaching of paramount
importance. None considered it not important, 4% were indifferent, and 8% said they do
not care about rhinos and what happens to them (Fig. 2.4).
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Figure 2.5 - Residents' interactions with situations involving rhinos

When asked about the frequency of interactions with situations involving rhinos, 39%
said they had no contact at all, 25% said the frequency was low, 23% said it was medium,
and 8% said it was high (Fig. 2.5). Some of those who said had no contact also said they
had never set foot inside the park albeit having lived close to the park for over 20 years.
Some of the 5% who said they had high contact said most of their interactions with rhino
situations is through the media as they hear about them and their plight of poaching all
the time in the local news and read about them in local newspapers.
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Figure 2.6 - Amount that residents can donate towards rhino conservation

When asked how much would they be willing to donate towards rhino conservation
initiatives, 23% said they would not contribute even a single cent, 44% stated that at most
they would donate not more than E50 (~ US$ 4), 13% said they would donate up to about
E200, 3% would donate up to about E400, 5% said they would be willing to donate up to
E600, and only 12% said they would donate E700 (~US$ 55) or more. Some of those
who said they would be willing to donate E700+ were quick to clarify that the donation
would not be a priority to their own needs. They would do it using whatever remains after
they have taken care of their own needs.
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Figure 2.7 - Residents' thoughts on who the poachers are

32% of the respondents believed that poachers were foreign nationals working closely
with residents; their response was recorded as ‘Other’ (Fig. 2.7). 23% thought they were
local citizens away from the park, 20% believed they were foreign nationals without a
partnership with residents, 15% said they had no idea who they were, and 10% of them
believed that poachers were mostly residents close to the park (Fig. 2.7). At least one
respondent suspected that the poachers were people with inside information, as such
speculating that the poachers were some of the park employees, mainly game rangers.
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Figure 2.8 - Residents' thoughts on the main motivator behind poaching

Most of the residents (55%) considered the quick income potential associated with rhino
horn to be the leading motivator behind the poaching (Fig. 2.8). These respondents also
admitted that the potential rewards from selling the horn were indeed tempting. Poverty
and unemployment came second in the rank of the drivers with 28% of the respondents
considering it the major motivator. 7% of the respondents considered poaching for
entertainment to be another potential driver of poaching. These mentioned that poachers
consider rhinos ordinary wild animals, attaching no much value to them, as such see no
reason why they should not be hunted like any other wild animal. 2% of the respondents
thought lack of public awareness about the importance of rhinos is the reason they are
being poached at such a rate. 8% of the respondents ascribed the poaching incidences to
several possible drivers including poverty and unemployment, quick income potential
and greed, their responses were recorded under ‘Other’ (Fig. 2.8).
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Figure 2.9 - Residents' suggested strategies to help save rhinos

39% of the respondents unanimously agreed that strict penalties (including harsher prison
sentences) for poaching and all wildlife related crimes should be enforced along with
increased security in rhino sanctuaries. Suggested strategies for increasing security
included increasing surveillance and the frequency of patrols. 18% thought other possible
solutions could be to make efforts to reduce poverty levels in local communities by
providing employment opportunities for residents. They believed this could make the
potential quick income less attractive. 13% considered safe dehorning to be the best
remedy. 10% thought rhino horn poisoning to discourage the consumption of the horn
should be considered, while 8% advocated for the education of the public about the
importance of wildlife and its conservation. 7% thought that the current ban on the sale of
rhino horn should be maintained. 3% suggested that increased funding and donations
could help, 2% thought local initiatives could be another possible solution (Fig. 2.9). One
respondent mentioned that she does not care what happens to rhinos as they do not
concern her, her response was included in the ‘Other’ category.
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Figure 2.10 - Residents' thoughts on the legalization of the sale of the horn

Respondents were also asked about their opinion towards legalizing the sale of rhino
horn. They ranked their thoughts on a five-point Likert scale, strongly oppose, oppose,
indifferent, approve and strongly approve. 73% of them said they are strongly opposed to
the idea, 12% said they were opposed to it, 5% were indifferent, 7% approved it, and 3%
strongly approved it.
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Figure 2.11 - Residents' thoughts on the effects of legalizing the horn on the profits made in the black
market
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85% of the respondents said legalizing the sale of the horn is not likely to reduce profits
in the black market (Fig. 2.11). These are mostly the individuals who had said they were
either strongly opposed or opposed to the idea of legalizing the sale of the horn. 15%
believed legalizing the sale could somehow decrease these profits.
2.7 Discussion
2.7.1 Attitudes towards rhino poaching and conservation
Most of the residents expressed pro-wildlife and pro rhino conservation attitudes.
However, resentment towards conservation, in general, could be picked up from some of
the participants’ responses. Some felt they were unjustly denied access to natural
resources they were entitled to by their proximity to the park. They believed these
resources were being reserved to be enjoyed by a select few. It is this sense of alienation
experienced by the local people that made some of them openly admit that they do not
care about the conservation of rhinos and they would not contribute even a single cent
towards conservation causes. Such responses were not anticipated, especially from
citizens as close to the park as those that were interviewed. The assumption that
communities neighboring the park would have unusual love for wildlife was based on the
fact that these people must be in one way or another frequently interacting with the
animals as such getting to appreciate their aesthetic value and economic importance as a
tourist attraction. This assumption was proved otherwise when some of the respondents
mentioned that they had never set foot inside the park and had not had contact with
situations involving rhinos.
Very few of the older participants (30+) showed interest in anything conservation;
they did not care about what is happening to rhinos nor did they appreciate the existence
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of the park. Most of them portrayed bitterness towards the existence of the park
compared to younger participants (18 – 29). The source of their bitterness stemmed from
claims of being excluded from the park and being restricted from enjoying the natural
resources housed in the park.
The local people’s unwillingness to pay for rhino conservation causes does not
reflect their claims that they are very concerned about rhino poaching and believe it
should be prevented. As such, there is a need for the communities to be educated about
why conservation of natural resources, including wildlife, is important and what they
stand to benefit from it. Gavrilets and Richerson (2017) noted that people, whether
individually or in a group, can without any problem, pay high amounts of money to
defend a specific cause they consider important. This means that park managers should
seriously explore the education of these communities and foster a change in the thought
patterns of the residents with regards to wildlife and see if this will not yield any
desirable result.
Some of the responses also showed that the relationship between some of the
residents and park employees especially the authorities is not a good one. The residents’
willingness to partner with poaching syndicates is a retaliatory measure to try and settle
the score with the conservation agencies for excluding them from and restricting their
access to the natural resources in the park and supposedly infringing on their livelihood.
For this reason, the mending of the broken relationship between park authorities and local
communities should be attempted, and hopefully, it will yield positive results, especially
with Ostrom’s (2000) observation that relationships reduce individuals’ appetite to act in
their short-term interest. The need for the park authorities to reach out to the communities
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and establish a relationship with them is real. This need is particularly important because
it has been observed that any conservation effort that alienates the local communities is
bound to fail (Brandon and Wells 1992). In the words of Brandon and Wells (1992) “The
achievement of conservation goals requires that ‘people and parks’ be good neighbors.”
As it is, there is considerable need for the communities surrounding Hlane Royal
National Park to be motivated towards supporting conservation organizations, like the
rhino charities, in their efforts to save and protect the species from the armed criminal
poachers while also preserving and conserving them for posterity sake. It will be quite
difficult for the conservation organizations and their efforts to appeal to the communities
until the park authorities first reach out to them and make amends to their relationship
with them. It is only then that the three parties can join forces and work towards a
common goal. As poaching intensifies by day and efforts to get everyone involved in
anti-poaching activities increase, it is disheartening and discouraging to have the people
that are earmarked to join the fight against poaching openly declare that they are least
concerned about wildlife issues and don’t care at all about rhino poaching and
conservation. A quarter of the respondents were either not concerned, moderately
unconcerned or indifferent when asked about their attitude towards rhino poaching.
The residents’ responses to questions, such as their willingness to partner with
poaching syndicates and their lack of knowledge of rhino charities and their campaigns,
show just how non-existing community based conservation efforts, and participatory
techniques are in the study park, yet, according to Muntifering, 2017, they have been
observed in other rhino range states like Namibia to be one of the effective strategies for
the improvement of the results of other conservation efforts.

67

2.7.2 Who are the poachers and what is the main motivator behind the poaching?
The responses of the residents to the question of whom they thought potential poachers
were, were varied and they had conflicting views. This proved how complex and difficult
to know with certainty who the poachers are. Some interviewees went to the extent of
mentioning that they think everyone is a potential poacher while others suspected that the
people working in the park were the poachers. Some viewed the poachers as an
increasingly dangerous force that needs to be stopped at their tracks before irreparable
damage is done, while still others see them as a poor, vulnerable population that is trying
to make a living out of the poaching activities.
Most of the residents believe that what was previously considered a haphazard
activity where rhino poaching is concerned has in recent years evolved into a highly
organized endeavor with key players being international citizens working closely with
residents especially local citizens close to the park. Their sentiments were confirmed by
an article published recently in a local newspaper, The Times of Swaziland dated June
16, 2017, which stated that police and rangers had shot and killed three armed men inside
the Hlane Royal National Park suspected to have been rhino poachers. Of these three
men, one was Swazi and the other two South African and Zimbabwean citizens. On the
same day, the Swazi anti-poaching team killed these men, two Chinese nationals in
possession of ten rhino horns valued at 5 million South African Rands were arrested at
Oliver R. Tambo International airport in South Africa, a neighbor to Swaziland. These
men were reportedly destined to Hong Kong. Three months before these two incidences
(in February 2017), two Taiwanese nationals in possession of 24 rhino horns valued at 24
million South African Rands (approximately 2 million USD) were arrested at King
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Mswati III international airport in Swaziland. These three incidences that occurred in a
short space of time (within three months of each other) show how rife rhino poaching is
in southern Africa.
More than half of the respondents ascribed the drastic transformation of the
poaching trends to the quick income potential associated with the successful sale of the
horn in the black market as the main motivator of the attacks on the species. Considering
the price of rhino horn that is currently estimated at US$65 000/kg in the black market
(Lunstrum, 2014), this incetive is considerable. This price is way above that of gold and
cocaine (Biggs et al. 2013). A good portion of the respondents attributed it to social
dynamics like local poverty and unemployment as the underlying drivers. These were
still connected to the quick income potential, since if the poor and unemployed chose to
be involved in rhino poaching and miraculously escape incarceration, then they could be
out of poverty immediately they successfully sell even a single horn.
2.7.3 What can be done to mitigate poaching?
Most of the respondents suggested strict penalties, mainly harsher prison sentences, for
poaching and all wildlife related crimes as a measure that could be taken to deal with the
poachers. This strategy could work to some extent because some (25%) of those that
were interviewed admitted that although the potential gains from poaching were indeed
tempting, they fear being imprisoned and subjected to harsh prison life in the event they
get caught, as such they will not be involved. However, some of them (20%) attested to
the fact that if a poacher would approach them, asking for their help during the poaching
and promising them a good amount of money in exchange for their services, they would,
without giving it a second thought jump at the opportunity. The remaining 55% percent
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said they would not, in any way, be involved in poaching not necessarily because they
were afraid of being caught and its consequences, but because they are passionate about
wildlife. They are very concerned about the ongoing poaching incidences, and the
prevention of rhino poaching is of paramount importance to them.
Respondents considered a militarized response to poaching to be ineffective on its
own. They suggested that a militarized approach coupled with other efforts such as
educating communities, rhino horn poisoning, safe dehorning, and a continued ban on the
sale of the horn would be more effective. The use of military technologies in the
prevention of poaching is believed by some residents to be a contributing factor in the
formation of a sour relationship between communities and conservation agencies because
it promotes that local communities be viewed more like criminals and part of the problem
than residents and part of the solution. This alienates them from the conservation
activities that rely on them, it compromises their willingness to participate, and it makes
them less likely to support conservation efforts or provide monitoring and any
information they might have on poachers. With the consideration of local communities in
mind, conservationists should be very cautious when introducing a new strategy to ensure
its effective implementation that will not trigger resistance from local communities.
Conservationists should avoid being pre-occupied with and obsessed about solving
problems resulting from poaching at the expense of a relationship with and paying
attention to the conflicts with local communities neighboring the park. Success at the
conservation of natural resources evolves under a wide range of conditions, including the
involvement and participation of all stakeholders, in this case, including members of local
communities.
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Considering that poverty and unemployment could be a possible driver of
poaching, some of the respondents suggested that efforts to alleviate poverty and the
opening of more employment opportunities for residents could help decrease the current
poaching rates. Apart from poverty alleviation and the creation of job opportunities, some
proposed that park authorities should invest in educating the public on the importance of
rhino conservation.
With regards to the legal sale of the horn, those who were for the idea (approved
or strongly approved) supported their stance by saying that, once the legal horn is
introduced to the market, the demand will be supplied as such it would decrease. In turn,
this would also decrease the number of horns sold going forward, consequently
decreasing the profits and making this illegal business less lucrative. Others said the horn
would eventually lose value since there would be competition between the legal and
illegal horn and the price will decrease. They also mentioned that once the legal horn is in
the market, then the legal traders would be known, and people would avoid buying from
the black market where there are risks involved.
2.8 Conclusion
Considering the information obtained from the survey with communities close to Hlane
Royal National Park, there is an urgent need of conservation policy reformation that
would return to the people, the rights over wildlife, including rhinos, or at least involve
them in such a way that they will feel a sense of ownership and consequently a sense of
responsibility for the resources. Otherwise, currently, it would seem that the policy in
operation does not at all promote pro-conservation behavior in the residents. This is not
good for the wildlife and its conservation. With most of the participants expressing pro-
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wildlife and pro rhino conservation attitudes, it is important that the park authorities take
advantage of such attitudes and involve the local communities in conservation activities
in the park.
The fact that law enforcement is important in the prevention of wildlife related
crimes cannot be ignored or even undermined. However, our suggestion would be that,
while at it, caution should be taken not to alienate the residents but to engage and
empower them to play a part in the conservation. This has a potential of yielding greater
returns than the total exclusion of the residents. The coercive deterrent embodied in
militarized conservation is not likely, on its own, to stop rhino poaching. Instead, it
triggers retaliatory behaviors from the residents that worsen an already bad situation.
Muntifering et al. (2017) noted that the threats and punishment which are typical of the
militarized approach to conservation are meant to coerce and deter people from being
involved in poaching. However, they are not likely to succeed as long as the individuals
involved perceive the potential and anticipated financial gain to outweigh the costs (risk
of being caught, potential punishment, or even the likelihood of being shot and killed) of
their rule-breaking behavior. As such, there is a need for strategies to reduce the price of
the horn in the black market to make this illegal business less attractive and without the
tempting potential returns. Reducing the demand in the end-user states maybe one
solution to deal with this part of the complex poaching situation. Another possible
solution that needs more exploration is the selling of bio-fabricated horns.
Some responses from the residents showed that they have a tainted view of rhinos.
There is, therefore, a great need of change in how rhinos are viewed by some of the
community members. While the belief of some community members that rhinos are just
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one of the other species in the wild is true, they do however deserve special attention
considering their uniqueness to Africa and the rate at which they are poached. We agree
with (Du Toit 2006) that conservation strategies that promote the perception of rhinos as
museum species should be avoided. To ensure that public support for rhino conservation
is fostered, it is necessary that rhinos be presented to communities as species that, if well
taken care of, would play a very positive role in the improvement of the rural people’s
livelihood, particularly their economic development through revenues from tourism
activities.
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CHAPTER 3
POTENTIAL EFFECTS OF CLIMATE CHANGE AND URBAN EXPANSION
ON BLACK (Diceros bicornis) AND WHITE (Ceratotherium simum) RHINOS IN
SOUTHERN AFRICA
3.1 Abstract
Climate and land-use changes represent two of the most potent human-induced threats to
biodiversity. Their effects on species should not be considered in isolation from each
other as they often act in cooperation. Climate change has been observed to have serious
impacts on numerous plant and animal species. Areas that species previously inhabited
are becoming unsuitable and incapable of supporting their livelihood as climatic
conditions become unfavorable. Species attempting to move to new suitable habitats in
response to climatic changes may be hindered by land-uses surrounding their current
habitats that impede their movements. It is, therefore, necessary that we assess potential
effects of climate change on individual species so that they can be incorporated in
management and conservation plans. Urban expansion, the land-use we focus on in this
study, often has detrimental impacts on biodiversity as it drives landcover changes
culminating to habitat losses thus threatening biodiversity. This study assessed the
potential effects of climate change on the probability of occurrence for black, (Diceros
bicornis) and white (Ceratotherium simum) rhinos under climate change scenarios driven
by two atmospheric CO2 concentration, RCPs 4.5 and 8.5, for the years 2055 and 2085.
The focus was on four parks in Southern Africa which house significant subpopulation
numbers. One park in east Africa was also as included in the analyses as it houses a
significant portion of the eastern subspecies of the black rhino. Potential effects of urban
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expansion on the species’ ranges were assessed using forecasted probabilities of urban
expansion for the year 2030. All analyses were done in the graphic software ArcGIS. Our
results show that the changing climate will have significant negative impacts on the
probability of occurrence for both species. Temperature changes will affect these
probabilities more than precipitation changes. All study parks will have zero probabilities
of occurrence for the species throughout their ranges should the conditions reach those
represented by the RCP8.5 scenario late in the century. With regards to urban expansion,
two of the study parks had areas surrounding them with high probabilities of becoming
urban by 2030. This has implications for re-introduction efforts.
Key words: Climate change, probability of occurrence, urban expansion
3.2 Introduction
The effects of climate and land-use on biodiversity should not be considered in isolation
from each other as these two factors often act in cooperation in influencing biodiversity.
For instance, climate change may trigger species movements as they respond to shifting
climate envelopes, while land-use may create barriers that deter the movements of the
species or may alter their dispersal routes (Hansen et al. 2001). The joint effects of these
two factors become more concerning for species that may be housed in reserves
surrounded by land-uses that constrain their movements (Hansen et al. 2001). Land-uses
surrounding reserves may ‘trap’ animals preventing them from dispersing freely to new
suitable habitats in the event their current habitats become unsuitable for them. This may
culminate in the extinction of species (Halpin 1997).
Additionally, climate and land-use can act in cooperation in increasing the
susceptibility of an area to disturbances like wildfire, flooding, and landslides (Hansen et
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al. 2001). Some land-uses increase the sensitivity of landscapes to extreme climate
events, resulting in severe disturbances in the aftermath of the extreme events (Hansen et
al. 2001). For example, logging and the construction of roads can increase chances of
landslides and floods during storm events (Swanson & Dryness 1975).
Changes in the patterns of land-cover may have direct effects on climate which
may, in turn, affect biodiversity (Dale 1997). An example could be the deforestation of
large areas which may trigger cascading effects including significant reduction of
transpiration, affecting the formation of clouds and rainfall, which may, in turn, lead to
increased drying of some areas (Dickenson 1991). These changes can lead to substantial
changes in the biome and may result in a change of the biome type, like shrubs or
grasslands replacing forests (Hansen et al. 2001).
In the last century, global average temperatures are said to have increased by
approximately 0.6 – 0.74 0C (Houghton et al. 2003; Stocker et al. 2013) because of
increasing levels of GHGs in the atmosphere, particularly CO2 (IPCC 2001). This trend is
expected to continue (Houghton et al. 2003; Stocker et al. 2013) as the coming decades
are expected to be characterized by warmer temperatures compared to those observed in
the last 40 million years (Overpeck et al. 2003). An increase of 4.3 +/- 0.7 0C is projected
by 2100 (Stocker et al. 2013), as atmospheric CO2 concentrations reach record levels
(Simmons et al. 2004).
Negative effects of the changing climate are already evident on numerous species
at a global scale (Thomas et al. 2004). By 2050, these adverse effects of climate change
are expected on more than 1 million species which will be threatened with extinction
(Simmons et al. 2004). Climate change driven species extinction risk is expected to both
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increase and accelerate as temperatures increase (Urban 2015). An increase of 3 0C in
global temperature is expected to increase the risk from 7.9% to 8.5% (Root et al. 2003).
However, the effects of climate change on species is not expected to be same across all
taxa (Erasmus et al. 2002; Devictor 2012), some species are more vulnerable than others,
and the changing climate tends to have negative implications for their survival (Devictor
2012). Still, the change favors some species, and they thrive under the altered climatic
conditions (Cammell & Knight 1992; Davis et al. 1998a).
Urbanized land is rapidly increasing across the globe; this makes it important for
us to understand its potential effects on biodiversity (McKinney 2008). Some species are
negatively impacted by urbanization, and this leads to the loss of biodiversity (McKinney
2008). Two ways through which the increasing urbanized land affects species are the
expansion of impervious surface resulting in the reduction and fragmentation of species
habitats, and the structural simplification of the vegetation in these urban areas
(McKinney 2008), which results from the landscaping and maintenance activities
involving the removal of shrubs and dead wood and the planting of grasses and herbs
(Marzluff and Ewing 2001). These tend to have repercussions for species whose diversity
is dependent on the diversity of the vegetation and plant species-richness in their habitat
(Savard et al. 2000).
Possible joint effects of the predicted climatic and land-use changes, particularly
urbanization, on rhinos in Africa have been hardly explored, yet the species are already
facing an uncertain future and are on the verge of extinction because of habitat loss and
relentless poaching. This study assessed climate change vulnerability in black and white
rhinos, and the likely effects urbanization might have on their ranges.
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Using two climate change scenarios brought about by two possible atmospheric
CO2 concentrations, RCPs 4.5 and 8.5, we modeled the predicted climatic changes in five
parks located in Southern and East Africa through the century. We speculate how these
predicted changes are likely going to affect the probabilities of occurrence of both black
and white rhinos in these parks by mid-century, the year 2055, and late-century, the year
2085. In using this approach, we understand that there are numerous other factors that
determine a species probability of occurrence in a place, but we recognize climate to be
the chief determinant among the many factors (Root 1988; Coope 1995). More work
needs to be done to support and validate these findings. However, we still believe that
they give a general picture and a reasonable estimate of what is to be expected of the
species’ occurrences in the study region, given the rate at which climate change is
happening (IPCC 2000). As such, we believe that while more studies that incorporate all
the other important factors are being undertaken, the findings of this study can be useful
as a general guide for the urgently needed actions geared towards saving the species from
yet another potent threat, considering that habitat loss and the gruesome poaching already
threaten them.
We also used the forecasted probability of urban expansion by the year 2030 to
assess the probability of urban land encroching into the historical and current rhino range
in the next decade. This will be useful to provide conservationists with the information
they need in making decisions aimed at re-introducing the species in their historic ranges.
3.2.1 Why is this study needed?
East and southern Africa house more than 90% of the remaining black and white rhinos,
as such, their persistence heavily depends on what happens to them in these regions.
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Studies show that Africa is among the regions of the world that will be heavily
impacted by the ongoing climate change (Hulme 1996; IPCC 2001). This is a cause for
concern because, the region is also known to be among those with a significantly low
capacity to adapt to the changing climate as it lacks most of the resources necessary for
this adaptation; including financial, technical, and institutional resources (IPCC 2001).
The UN projects a 95% probability of Africa’s population increasing from the
current 1 billion people to range between 3.1 and 5.7 billion people by the end of the
century (Gerland et al. 2014). This increase in population numbers can be expected to be
coupled with urban expansion as cities expand to accommodate the growing number of
people (Linard et al. 2013).
For these reasons, it is of paramount importance that climate change and the
possible resultant changes on natural ecosystems along with the potential effects of
urbanization on species’ ranges be understood so that proactive responses can be planned
accordingly.
Impacts of climate change on species in Africa have not been sufficiently studied.
Not much is known about how the species in this region might respond to the ongoing
climate change (Simmons et al. 2004). Urban (2015) noted that the lack of research limits
insight as such; poorly studied regions might face higher risks. There is, therefore, a need
to direct focus to the less studied and more threatened regions (Urban 2015).
3.2.2 What is unique compared to other studies?
Where the conservation of rhinos is concerned, most effort has been invested in the
investigation of the effects of poaching and habitat destruction on their persistence
(Otiende 2015), understandably so as these two have been identified as the major threats
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to the species. Studies that investigate the possible effects of urbanization and future
climatic changes on the species’ ranges are non-existent. How their probabilities of
occurrence may be affected as the climate changes and how land-use changes may
impede their movements, particularly urbanization, are not known. This is a cause for
concern as studies are already showing effects of climate change on numerous other
species. In this study, we investigate the possible effects of climate change on the
probabilities of occurrence of black and white rhinos in five parks located in southern and
east Africa. We also assessed how urban expansion might restrict the species’ movements
in the event they need to move to new suitable habitats as the changing climate makes
their current habitats unsuitable for their survival.

3.3 Study objectives
3.3.1 Broad objectives
This study aims at investigating the possible effects of climate change and urban
expansion on the black (Diceros bicornis) and white (Ceratotherium simum) rhinos in
Southern Africa.
3.3.2 Specific objectives
(i) To predict the possible effects of climate change on black and white rhinos using the
probability of occurrence based on temperature and precipitation preferences of the
species.
(ii) To assess which of the two African rhino species might be affected the most by the
changing climate.
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(iii) To assess the probability of urban land encroaching into national parks housing
rhinos.
(iv) To assess the possible joint effects of climate change and urbanization on the species’
ranges
3.3.3 Research questions
(i) How might the probability of occurrence of black and white rhinos be affected by the
changing climate?
(ii) Which of the two African rhino species will be affected the most by the changing
climate?
(iii) How is the urban land encroaching on national parks housing rhinos?
(iv) How might climate change and urbanization affect the historical and current African
rhino range?
3.4 Literature review
3.4.1 Projected climate change for Africa
GCMs project temperature anomalies of 2.4 0C and 4.9 0C above preindustrial levels by
2100 under two IPCC-AR5 RCPs: 4.5 (assuming significant climate action) and 8.5
(representing a high emission without mitigation future) respectively (Rogelj et al. 2012).
These RCPs correspond to atmospheric CO2 levels of approximately 650 and 1370 ppm
respectively (Moss et al. 2010). According to IPCC (2001), the climate change brought
about by the increasing CO2 levels is predicted to have five major effects in Africa. These
include increased mean seasonal temperatures, decreased rainfall in most areas, increased
frequency of El Nino Southern Oscillation (ENSO), especially in southern Africa,
increased frequency of severe weather anomalies, and increased frequency of fires
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because of increased temperatures and decreased rainfall amounts (IPCC 2001). Using
projections from different RCMs, it is expected that the annual mean temperature in subSaharan Africa will range between 26.4 – 27.6 0C under the RCP 4.5 and between 27.9 –
29.8 0C under RCP 8.5 towards the end of the century (Platts et al. 2015). Increase in the
amount of rainfall received by the western and eastern parts of the continent is expected,
together with increased seasonality. A small change in the amount of rainfall received in
the higher latitudes areas is projected, with a slight drying trend (Platts et al. 2015).
Prolonged seasonal aridity is projected for parts in the south-east of the continent (Platts
et al. 2015).
3.4.2 Effects of climate change on species
Climate change not only threatens species with extinction, its effects also interfere with
different aspects of the ecology of species (Walther et al. 2002; Root et al. 2003;
Simmons et al. 2004; Thomas et al. 2004; Parmesan 2006) especially those that may
attempt to adapt or move in response to the climatic changes (Simmons et al. 2004). The
effects of climate change on species result mainly because the prevailing conditions are
no longer those that species are adapted to (Visser 2008). Of the many possible effects of
climate change on species, changes in phenology and shifting ranges represent those that
have been extensively studied (Visser 2008).
From a meta-analysis they conducted, Root et al. (2003) concluded that species
traits might change due to climate change, particularly increasing temperature. Most
common trait changes included species ranges shifting towards either the poles or higher
elevations, consequently a change in the density of species in original locations, as they
search for new places within their temperature tolerance (Root et al. 2003). Changes in
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the timing of events like migration, reproduction, and all such traits that are triggered by
temperature related cues are expected as the climate changes. Additionally,
morphological changes in body size and changes in the gene frequencies are also
anticipated in species. Holt (1990); Davis et al. (2005); and Gienapp et al. (2008) also
confirmed these observations. They noted that species are expected to respond to the
changing climate in one of three ways; colonization of new suitable habitats elsewhere,
phenotypic plasticity resulting in a change in the distribution of phenotypes without
necessarily changing species genetic makeup, and change in the genetic makeup, which is
microevolution. Gienapp et al. (2008) noted that microevolution is extremely low in
vertebrates.
The vulnerability of species to the threat of climate change differs from species to
species (Erasmus et al. 2002); some are more at risk than others (Devictor 2012). Various
species-specific characteristics have been observed to determine the level of
susceptibility of a species to being impacted by climate change. These include the type of
diet, strategy of migration, preferred habitat, and ecological specialization (Heikkinen et
al. 2010; Warren et al. 2001). While phenotypic plasticity may aid species response to
climatic changes (Visser 2008), it becomes a disadvantage when there is a spatial and
temporal mismatch with the resources the species need to thrive (Parmesan 2007; Sherry
et al. 2007).
Mobile animals like birds are expected to respond faster to the changing climate
compared to terrestrial animals which need corridors to disperse and sessile plants which
depend on the dispersal of their propagules which may take a long time to establish in the
new environment (Simmons et al. 2004). Expecting these animals to migrate to different
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areas in response to changing climatic conditions in their original habits assumes that
there will still be suitable habitats for them to move to (Simmons et al. 2004). This may
be a serious challenge as land transformation and development continues to destroy
habitats and restricts animal movement especially in countries in the west, south, and east
of Africa where countries have high population numbers with intensive farming on their
lands (Simmons et al. 2004).
Body size is another trait that makes species differentially vulnerable to climate
change (Simmons et al. 2004). Large bodied animals are expected to be more resilient as
their slow metabolic rates and generous amounts of fat deposits enables them to survive
lean periods (Schmidt-Nielsen 2007). However, this resilience will likely be
compromised by the length of the generation in time in such species which may reduce
their ability to adapt to the changing climate through evolution (Simmons et al. 2004).
3.4.3 Forecasted urban growth in Africa
Urban expansion in Africa is expected to escalate before the end of the century (Angel
2011) as population numbers double from the current 1 billion people in the continent
(UNPD 2010; Gerland et al. 2014). The doubling population numbers are expected to
result in about 720 million more people living in urban areas (UNPD 2011). To
accommodate these increasing urban population numbers, a 12-fold growth in the urban
land cover is expected before 2050 in sub-Saharan Africa (Angel 2011).
3.4.4 Effects of urbanization on species
In a review involving 105 studies spanning a wide geographic range of urban lands in
different parts of the globe; Asia, North and South America, Europe and Australia, and
involving a variety of species including plants, mammals, reptiles and amphibians, and
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invertebrates, McKinney (2008) found that most of the studies unanimously proved that
urbanization and negatively affects species and it results in reduced species richness. The
magnitude of the impact varies depending on the many factors including the spatial scale,
geographic location, and historical and economic factors of the cities (McKinney 2008).
In some cases, for instance, in small spatial scales, the larger the human population size,
the more intense the human driven disturbance was, leading to the elimination of some
species (McKinney 2008).
3.5 Materials and Methods
3.5.1 Study area

Figure 3.1 – Map of study area

The study area is southern Africa, but it also includes Kenya in the east of the continent
(Fig. 3.1). As of December 2015, southern Africa houses about 97% and 84% of the
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white and black rhino populations respectively (Emslie et al. 2016; Knight 2017). The
animals are distributed in 8 countries in the region, three of which are considered
stronghold for the species (shaded in Fig. 3.1, excluding Swaziland). These are South
Africa, Namibia, and Zimbabwe (Emslie et al. 2016; Knight 2017). Kenya was included
in the study because it is another major range state and a stronghold for the eastern
subspecies of the black rhino, D.b michaeli, housing 678 of the remaining 886 members
of the subspecies (Emslie et al. 2016). The four major range states, South Africa,
Namibia, Zimbabwe, and Kenya collectively house approximately 98% and 95% of the
white and black rhinos respectively (Emslie et al. 2016).
Within the region of east and southern Africa, the study focused on national parks
in the four major range states and one minor range state. These are Kruger NP in South
Africa, Etosha NP in Namibia, Hwange NP in Zimbabwe, Tsavo West NP in Kenya, and
Hlane Royal National Park in Swaziland, one of the minor range states. The first four
national parks were chosen because they house some significant proportions of the rhino
populations.
Kruger National Park is South Africa’s largest and flagship park (De Vos et al.
2001). It is located on the north-eastern border of the country (24.01 0S and 31.49 0E),
and it covers an area of approximately 19 000 km2 (De Vos et al. 2001; Venter et al.
2003). The park has a subtropical climate with annual rainfall ranges of 400 – 500 mm in
the northern part and 500 – 700 mm in the south (Eckhardt 2000; Venter et al. 2003). The
rainfall is seasonally occurring mostly during the summer months (November to April).
Vegetation varies widely, being mostly determined by the nature of the substrate; either
granite or basalt-derived soils in the west and east respectively. On the basalts are mostly

86

grasslands while on the granites are mostly thickets of bushland savannah. In general, the
vegetation in the park is predominately arid to semi-arid savannah (De Vos et al. 2001;
Venter et al. 2003).
Etosha National Park is in the north-central part of Namibia with coordinates 180
30’ – 190 30’S and 140 15’ – 170 10’E. The park covers an area of 22 915 km2 (Turner &
Getz, 2010) as such, it is one of the largest national parks in the country. Vegetation is
predominantly arid to semi-arid woody savannah. The park has a savannah desert climate
with summer temperatures (October – December) ranging from 25 to 35 0C and winter
temperatures (June – July) of between 6 and 180 C. Rainfall is restricted to the summer
months (Turner & Getz 2010), the wettest months being November to April.
Hwange National Park in Zimbabwe has an area of 14 600 km2 and a
geographical location with coordinates 180 30’ and 190 50’ S and 250 45’ and 270 30’ E.
Its climate is predominantly semi-arid and subtropical with spatially and temporally
intermittent rainfall received between November and March, the only rainy season in the
year (Childes & Walker 1987; Dudley et al. 2001). Rainfall reaches yearly average
depths of 632 mm and a range of 324 to 1160 mm. Highest temperatures reaching a mean
daily maximum of 33.20 C in the park are experienced during October while the lowest
temperature occurs in July with an average daily minimum of 4.10C. The months of May
to August are usually cool and dry with clear skies (Childes & Walker 1987). Vegetation
in this park is mostly semi-arid deciduous woodland with patches of Savannah and
edaphic grasslands (Dudley et al. 2001; Chamaillé‐Jammes et al. 2009).
Tsavo West National Park is located South-Eastern Kenya, covering an area of 9
065 km2. The park has temperatures ranging from 20 to 30 0C and rainfall 200 to 700
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mm. (Tsavo West 1996). There are two rainy seasons, one short one
(November/December) and the other longer (March/April) (KWS 2017). The park is
mainly a savannah ecosystem with distinct vegetation types in its northern and southern
parts. The southern part is mostly open grassland and, in the north, is bushland, mostly
Acacia with patches of other tree species like Baobabs (KWS 2017).
Hlane Royal National Park is found in the north-eastern part of Swaziland, in the
Lowveld region. This region is the lowest, warmest, and driest of all the four regions in
Swaziland (Hurst et al. 2013). The altitude of the park ranges from 150 – 300 m above
sea level (Monadjem 2005). Climate is subtropical with two distinct seasons, the hot wet
(October to March) and the cool dry (April to September) (Hurst et al. 2013). Average
temperatures are 260 C in January, the peak of summer and 180 C in July the peak of
winter. Rainfall ranges between 550 and 725 mm (Monadjem 2005). The vegetation is
mainly Lowveld savannah with dominant vegetation types being Acacia savannah
(covering the biggest part of the park), broadleaved woodland and riverine forest made of
evergreen trees (restricted to the sides of streams and rivers) (Monadjem 2005; Hurst et
al. 2013).
3.5.2 Data
3.5.2.1 Species presence data
Species presence data were obtained from the GBIF (Global Biodiversity Information
Facility) database originally as GPS coordinates for individual animals. Records were
based on human observation and were made of 136 black rhino presence points and 164
white rhino presence points. These points were saved as comma delimited (.csv) files in
excel and made into point shapefiles in ArcGIS which were then used to generate
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presence maps. This made it possible to see the current distribution of the species. The
locations of the points were in South Africa, Namibia, Kenya, Zimbabwe, Swaziland,
Botswana, Zambia, and Tanzania. These countries are a good representation of the
species’ current range, as outlined in literature. Most of the white rhino points were in
South Africa while most of the black rhino points were in Namibia. Because of the level
of sensitivity of rhino information, particularly location of individual animals, it was
difficult to get more data to increase the sample size.
3.5.2.2 Climate data (historic and predicted)
Future climate predictions were obtained from the AFRICLIM database. The data were
derived from climate surfaces produced from multi-model ensembles over eight GCMs
predictions (CCCma-CanESM2, CNRM-CERFACS-CM5, ICHEC-EC-EARTH,
MIROC-MIROC5, MOHC-HadGEM2-ES, MPI-ESM-LR, NCC-NorESMI-M, NOAAGFDL-ESM2G). Two 21st century climate scenarios, RCP4.5 and RCP8.5, reflecting the
potential impacts of multi greenhouse gas emissions were used.
RCP4.5 is the result of the work of the MiniCAM modeling team at the Pacific
Northwest National Laboratory’s Joint Global Change Research Institute (JGCRI). It
represents a scenario where various technologies and strategies are employed to reduce
the amount of GHG emissions, leading to the stabilization of the total radiative forcing
before 2100 (Clarke et al. 2007). RCP4.5 projects atmospheric CO2 concentrations of 650
ppm (Moss et al. 2010), consequently a global temperature anomaly of 2.4 0C above
preindustrial temperatures by the year 2100 (Rogelj et al. 2012). RCP8.5 resulted from
the work of the MESSAGE modelling team and the IIASA Integrated Assessment
Framework at the International Institute for Applies Systems Analysis (IIASA), Austria.
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The scenario represents high GHG concentration levels resulting from GHG emissions
that increase overtime (Riahi et al. 2007). Under this scenario, atmospheric CO2
concentrations are projected at 1,370 ppm by 2100 (Moss et al. 2010), resulting to
temperature anomaly of 4.9 0C above preindustrial temperatures by the end of the century
(Rogelj et al. 2012). The ensembles representing the two scenarios were dynamically
downscaled by the SMHI-RCA4 and CanRCM4 regional climate models (RCMs) and
RCM outputs were debiased using high resolution baselines from CRU, WorldClim,
TAMSAT and CHIRPS (Platts et al. 2015). The mean of the ensemble was used in the
analyses because according to IPCC (2007), it can be expected to outperform individual
ensemble members, thus providing an improved ‘best estimate’ forecast.
Three data sets representing three time intervals were used in the analyses in this
study, 1975 (thirty-year average from 1961 - 1990) for the baseline scenario, 1955
(thirty-year average from 1941 - 1970) for mid-century and 1985 (thirty-year average
from 1971 - 2100) for late-century (Platts et al. 2015). Two bioclimatic variables

representing annual trends were included in the analyses; annual mean
temperature and annual precipitation. These bioclimatic variables were used
because they are biologically meaningful and are often used in ecological
modelling to study the effects of past and future effects of climate change on the
distribution of species (Hijmans et al. 2005).
Data were downloaded as raster files with a resolution of 30 seconds (~ 1
km2) (Platts et al. 2015).
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3.5.2.3 Urban expansion data
Raster files representing probabilistic forecasts of global urban land cover change from
2000 to 2030 were downloaded from NASA’s EarthData database available online (Seto
et al. 2015). The grids had a resolution of 2.5 arc minute.
3.5.3 Climatic changes in study parks through the century
Analyses were done in ArcMap version 10.5.1. Africa’s annual mean temperature and
annual precipitation raster files projected in the GCS – WGS 1984 projection were used.
The raster files had a resolution of 30 arc seconds (~ 1 km). Two climate change
scenarios brought about by two atmospheric CO2 concentrations (RCPs 4.5 and 8.5) were
analyzed for two-time slots (mid-century, 2055 and late-century, 2085).
The annual mean temperature and annual precipitation raster layers were clipped
to the study parks to assess the temperature and precipitation patterns in the parks under
the two climate change scenarios through the century.
3.5.4 Rhino probability of occurrence conditional on annual mean temperature and
annual precipitation
The aim was to estimate the probability that the species will be present in or can use the
study parks under future climatic conditions conditional on two climate variables; annual
mean temperature and annual precipitation. We wanted to provide a quantitative
description of the probability of the rhinos occurring in the parks in the future. To
calculate the probabilities, we used the sample presence points and the baseline
conditions. In ArcMap 10.5.1, we used the sample presence points to extract values from
the annual mean temperature and annual precipitation raster layers. The extracted values
were used to create frequency graphs by dividing temperature and precipitation values
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into ranges with the corresponding number of occurrences within each of the ranges. The
range with the highest number of occurrences was assigned a probability of 1, and its
number of occurrences was used to divide the occurrences in each of the other ranges to
come up with their probabilities.
3.6 Results
3.6.1 Climatic changes in the parks
Historical baseline data for the year 1975, an average for three decades from 1961 –
1990, provided a reference point for the changes in temperature and precipitation that can
be expected in the study parks mid and late century under RCPs 4.5 and 8.5. Africa is
known as a hot continent. This is not expected to get any better as atmospheric CO2
concentrations increase as the century progresses. All parks show increases in
temperature, although the degree of increase varies by park. The most substantial
increases are in Etosha and Hwange National Parks both with a 2.4 0C increase midcentury under RCP 4.5 and 5.2 and 5.1 0C increases respectively late in the century under
RCP 8.5 (see Table A1 in Appendix A). Hlane and Tsavo West NPs will experience the
lowest temperature increases with a 1.9 and 2.0 0C increase respectively mid-century
under RCP 4.5 and 4.1 and 4 0C late century respectively under RCP 8.5. Kruger NP will
have increases of 2.1 and 4.5 0C for the mid-century RCP 4.5 and late century RCP 8.5
respectively. All parks show drastic increases in temperature under the RCP 8.5 scenario
late century.
The amount of precipitation received by the four parks in southern Africa will
increasingly decrease as the century progresses and as CO2 levels in the atmosphere
increase. The opposite is expected for Tsavo West NP in the east of the continent. This
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park will become wetter as the century progresses and will receive highest amounts of
rainfall under the conditions represented by RCP 8.5 late in the century.
3.6.1.1 Kruger National Park
The temperature range in Kruger NP is expected to change from 19.9 – 25.0 0C in the
baseline to 21.9 – 27.2 0C or 22.5 – 27.8 0C mid-century under RCPs 4.5 and 8.5
respectively (Table B1, Appendix B). The average temperature in the park under the two
scenarios will be 24.6 0C for RCP 4.5 and 25.2 0C for RCP 8.5. These average
temperatures represent increases of 2.1 0C and 2.7 0C respectively, from the baseline of
22.5 0C. Late in the century, the ranges are expected to be 22.3 – 27.7 0C under RCP 4.5
or 24.2 – 29.7 0C under RCP 8.5 (Table B1, Appendix B). The average temperatures at
this time will be 25.0 0C and 27.0 0C under RCPs 4.5 and 8.5 respectively. These
represent 2.5 0C and 4.5 0C increases from the baseline.

93

Baseline (1975)

RCP4.5 - 2055

RCP8.5 - 2055

RCP4.5 - 2085

RCP8.5 - 2085

Figure 3.2 - Temperature changes in Kruger National Park under two climate change scenarios
through the century
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Kruger National Park will warm up progressively from the northern most tip
towards the south as the century progresses and as atmospheric CO2 levels increase (Fig.
3.2). The temperature increases of about 4.5 0C anticipated late in the century under RCP
8.5, will result in the temperature in the northern half of the park reaching levels never
reached before in the park (Fig. 3.2, scenario RCP 8.5 - 2085).
The precipitation range in this park is expected to change from 415 – 971 mm in
the baseline to 382 – 934 or 397 – 946 mm mid-century under RCPs 4.5 and 8.5
respectively (Table B2, Appendix B). The average precipitation in the park under the two
scenarios will be 615 mm for RCP 4.5 and 627 mm for RCP 8.5. These averages
represent decreases of 36 mm and 24 mm respectively, from the baseline of 651 mm,
under the two scenarios. Late in the century, the ranges are expected to be 382 – 927 mm
under RCP 4.5 or 354 – 889 mm under RCP 8.5 (Table B2, Appendix B). At this time the
park will be receiving average precipitation of 610 mm and 578 mm respectively under
the two scenarios. These represent 41 mm and 73 mm decreases from the baseline.
As the century progresses and as CO2 levels increase, the amount of precipitation
received by Kruger NP is expected to decrease thereby leading to the park becoming
drier. This drying trend will move progressively from the north towards the southern
parts of the park (Fig. 3.3).
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Figure 3.3 - Precipitation changes in Kruger National Park under two climate change scenarios
through the century
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3.6.1.2 Etosha National Park
As the century progresses, the temperature range in Etosha will change from 20.9
– 23.2 0C in the baseline to 23.2 – 25.7 0C or 24.0 – 26.5 0C under RCPs 4.5 and 8.5 midcentury respectively (Table B3, Appendix B). The average temperature under these
scenarios will be 24.5 0C for RCP 4.5 and 25.3 0C for RCP 8.5. These are increases of 2.4
0

C and 3.2 0C respectively, from the baseline of 22.1 0C. Later in the century, the

temperature in the park will range from 23.7 – 26.2 0C under RCP 4.5 or 25.9 – 28.7 0C
under RCP 8.5 (Table B3, Appendix B). At this time, on average the temperature will
25.0 0C or 27.3 0C respectively in the park. These will be 2.5 0C or 5.2 0C increases from
the baseline.
Etosha National Park will progressively warm up from the east towards the west
(Fig. 3.4). Record level temperatures in the park will be reached later in the century
should the atmospheric CO2 levels reach those represented by RCP 8.5 (Fig. 3.4).
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Baseline (1975)

RCP4.5 - 2055

RCP8.5 - 2055

RCP4.5 - 2085

RCP8.5 - 2085

Figure 3.4 - Temperature changes in Etosha National Park under two climate change scenarios
through the century

Precipitation range in Etosha National Park is expected to change from 326 – 557
mm in the baseline to 309 – 548 or 303 – 542 mm mid-century under RCPs 4.5 and 8.5,

98

respectively (Table B4, Appendix B). The average precipitation in the park will be 428
mm under RCP 4.5 and 422 mm under RCP 8.5. These averages represent decreases of
14 mm and 20 mm respectively, from the baseline of 442 mm, under the two scenarios.
Late in the century, the ranges are expected to be 314 – 555 mm under RCP 4.5 or 281 –
517 mm under RCP 8.5 (Table B4, Appendix B). At this time the park will be receiving
average precipitation of 434 mm and 399 mm, respectively, under the two scenarios.
These represent 8 mm and 43 mm decreases from the baseline. Fig. 3.5 shows the pattern
expected in the precipitation changes in the park.
The western portion of the park will become increasingly drier as the century
progresses and as CO2 levels in the atmosphere increase (Fig. 3.5). This drying trend is
expected to continue towards the eastern part of the park progressively. The substantial
decrease of 43 mm in the average precipitation received by the park in 2085 under the
RCP 8.5 scenario, will result in a bigger portion of the western half of the park becoming
drier (Fig. 3.5).
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Baseline (1975)

RCP4.5 - 2055

RCP8.5 - 2055

RCP4.5 - 2085

RCP8.5 - 2085

Figure 3.5 - Precipitation changes in Etosha National Park under two climate change scenarios
through the century
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3.6.1.3 Tsavo West National Park
The temperature range in Tsavo West NP is expected to change from 18.0 – 25.7 0C in
the baseline to 19.9 – 27.5 0C or 20.6 – 28.1 0C mid-century under RCPs 4.5 and 8.5,
respectively (Table B5, Appendix B). The average temperature in the park under the two
scenarios will be 24.1 0C for RCP 4.5 and 24.6 0C for RCP 8.5. These average
temperatures represent increases of 2.0 0C and 2.5 0C, respectively, from the baseline of
22.1 0C. Later in the century, the ranges are expected to be 20.3 – 27.9 0C under RCP 4.5
or 22.1 – 29.6 0C under RCP 8.5 (Table B5, Appendix B). The average temperatures at
this time under the two scenarios will be 24.4 0C and 26.1 0C, respectively. These
represent 2.3 0C and 4.0 0C increases from the baseline.
Tsavo West National Park will warm up progressively from the north-eastern
parts towards the south (Fig. 3.6). The temperature increase of about 4.0 0C anticipated
under scenario RCP 8.5 – 2085, will bring about in most parts of the park temperature
levels never reached before in the park.
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Baseline (1975)

RCP4.5 - 2055

RCP8.5 - 2055

RCP4.5 - 2085

RCP8.5 - 2085

Figure 3.6 - Temperature changes in Tsavo West National Park under two climate change scenarios
through the century
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The precipitation range in this park is expected to change from 570 – 1259 mm in the
baseline to 611 – 1306 mm or 615 – 1307 mm mid-century under RCPs 4.5 and 8.5
respectively (Table B6, Appendix B). Under these scenarios, the average precipitation
will be 899 mm and 898 mm respectively. These averages represent increases of 39 mm
and 38 mm respectively, from the baseline average of 860 mm. Later in the century, the
ranges are expected to be 623 – 1320 mm under RCP 4.5 or 657 – 1358 mm under RCP
8.5 (Table B6, Appendix B). At this time, the average precipitation will be 912 mm or
950 mm respectively under the two scenarios. These represent increases of 52 mm and 90
mm from the baseline.
Unlike the other parks in southern Africa, Tsavo West, in the eastern part of the
continent is expected to become wetter as the century progresses and as CO2 levels
increase. Annual mean temperature increases in this park will be coupled with an increase
in the average precipitation received by the park. While the overall precipitation amounts
received in the park increase, some portions at the center of the park will become
increasingly drier through the century. This drying trend will be more pronounced should
the conditions reach those represented by RCP 8.5 – 2085 scenario (Fig. 3.7).
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Baseline (1975)

RCP4.5 - 2055

RCP8.5 - 2055

RCP4.5 - 2085

RCP8.5 - 2085

Figure 3.7 - Precipitation changes in Tsavo West National Park under two climate change scenarios
through the century
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3.6.1.4 Hwange National Park
In Hwange NP, the temperature range will change from 20.8 – 23.4 0C in the baseline to
23.1 – 25.8 0C or 23.8 – 26.5 0C mid-century under RCPs 4.5 and 8.5 respectively (Table
B7, Appendix B). The average temperatures these two scenarios will be 24.5 0C under
RCP 4.5 or 25.2 0C under RCP 8.5. These averages represent increases of 2.4 0C and 3.1
0

C respectively in the park’s temperature, from the baseline temperature of 22.1 0C. Later

in the century, the ranges are expected to be 23.7 – 26.4 0C or 25.8 – 28.6 0C under RCPs
4.5 and 8.5 respectively (Table B7, Appendix B). At this time the average temperature in
the park will be either 25.1 0C under RCP 4.5 or 27.2 0C under RCP 8.5. These represent
3.0 0C and 5.1 0C increases respectively from the baseline.
The temperature in this park will change under scenario RCP 4.5 – 2055 such that
there will be little overlap between the temperature range represented by this scenario and
that of the baseline, hence the different color coding for the baseline scenario (Fig. 3.8).
In this park, the direction of the temperature increase gradient will be from the north
towards the south (Fig. 3.8). Like the other parks, this park will also warm progressively
through the century following the north-south warming gradient. If atmospheric CO2
levels reach those represented by the RCP 8.5 - 2085 scenario, the 3.0 0C increase in the
mean temperature of the park anticipated under this scenario will result in most parts of
the park experiencing temperatures never experienced before in the park (see Fig. 3.8,
scenario RCP 8.5 – 2085).
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Baseline (1975)

RCP4.5 - 2055

RCP8.5 - 2055

RCP4.5 - 2085

RCP8.5 - 2085

Figure 3.8 - Temperature changes in Hwange National Park under two climate change scenarios
through the century

The precipitation range in Hwange NP is expected to change from 462 – 658 mm
in the baseline to 452 – 645 mm or 461 – 658 mm mid-century under RCPs 4.5 and 8.5
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respectively (Table B8, Appendix B). Under these scenarios, the average precipitation
will be 549 mm and 533 mm respectively. These represent 11 mm and 27 mm decreases
respectively, from the baseline of 650 mm. Later in the century, the ranges are projected
to be 441 – 626 mm under RCP 4.5 or 437 – 626 mm under RCP 8.5 (Table B8,
Appendix B). At this time, the averages will be 560 mm and 532 mm respectively under
the two scenarios. These represent 0 mm and 28 mm decreases from the baseline.
As the century progresses, the decreasing amount of the precipitation received by
the park will result in the southern parts of the park becoming increasingly drier. This
drying pattern will gradually progress towards from the south towards the northern parts
of the park (Fig. 3.9). This drying trend will be more pronounced late in the century
under scenario RCP 8.5 – 2085 (Fig. 3.9) when there will be a significant reduction in the
amount of precipitation in the park.
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Baseline (1975)

RCP8.5 - 2055

RCP4.5 - 2055

RCP4.5 - 2085

RCP8.5 - 2085

Figure 3.9 - Precipitation changes in Hwange National Park under two climate change scenarios
through the century
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3.6.1.5 Hlane Royal National Park
The temperature range in Hlane Royal NP is expected to change from 21.9 – 22.7 0C in
the baseline to 23.7 – 24.6 0C or 24.3 – 25.2 0C mid-century under RCPs 4.5 and 8.5
respectively (Table B9, Appendix B). The average temperature under the two scenarios
will be 24.2 0C under RCP 4.5 or 24.8 0C under RCP 8.5. These represent increases of 1.9
0

C and 2.5 0C respectively, in the park’s temperature from the baseline of 22.3 0C. Late in

the century, the ranges are expected to be 24.2 – 25.1 0C under RCP 4.5 or 26.0 – 26.8 0C
under RCP 8.5 (Table B9, Appendix B). At this time, the average temperatures will be
24.7 0C or 26.4 0C under the two scenarios respectively. These represent 2.4 0C and 4.1
0

C increases from the baseline.
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Baseline (1975)

RCP4.5 - 2055

RCP8.5 - 2055

RCP4.5 - 2085

RCP8.5 - 2085

Figure 3.10 – Temperature changes in Hlane Royal National Park under two climate change
scenarios through the century
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Like in the other parks, precipitation received in Hlane Royal NP is expected to decrease
as the century progresses and as CO2 levels in the atmosphere increase. In 2055, the
precipitation received in the park is expected to range between 633 – 688 mm or 639 –
692 mm under RCPs 4.5 and RCP 8.5 respectively (Table B10, Appendix B). This will
be a change from a range of 653 – 711 mm in the baseline. The two RCPs in 2055 will
result in decreases of 21 mm and 16 mm respectively in the amount of precipitation
received in the park compared to that in the baseline scenario. Going into the late century,
the precipitation will range between 616 – 671 mm or 601 – 655 mm under RCPs 4.5 and
8.5 respectively. These are further decreases of 38 mm and 54 mm respectively.
As the century progresses, the amount of precipitation received in the park will
increasingly be reduced. This will result in the western and eastern parts of the parks
becoming progressively drier. Some central portions of the park will remain wetter
compared to the other portion of the park. However, should the conditions in the park
reach those represented by RCP 8.5 in the year 2085 (Fig. 3.11), then the precipitation
received in the park will greatly decrease resulting to a significant to almost the entire
park becoming drier (see Fig. 3.11, scenario RCP 8.5 - 2085).
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Baseline (1975)

RCP4.5 - 2055

RCP8.5 - 2055

RCP4.5 - 2085
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Figure 3.11 – Precipitation changes in Hlane Royal National Park under two climate change
scenarios through the century
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3.6.2 Black and white rhino temperature and precipitation tolerances
Table 3.1 – Descriptive statistics summarizing temperature and precipitation in black and white
rhino occurrence sites, as derived from the 136 black and 164 white rhino presence points

Minimum

Black rhino
Temperature
Precipitation
12.0 0C
149 mm

White rhino
Temperature
Precipitation
15.4 0C
392 mm

24.10C

1955 mm

23.8 0C

1452 mm

Range

12.1

1806

8.4

1060

Mean

20.8 0C

704 mm

20.6 0C

719 mm

Std. Error

0.21

24.11

0.15

12.59

Std. Deviation

2.44

281.1

1.94

161.2

Sample variance

5.93

79 034

3.77

25 990

Maximum

We used the sample presence points to infer the species’ tolerance of the two bioclimatic
variables, annual mean temperature, and annual precipitation, using the baseline
conditions. We found that occurrences were between temperature ranges 12 – 24.1 0C
with an average of 20.8 0C and 15.4 – 23.8 0C with an average of 20.6 0C for black and
white rhinos respectively (Table 3.1). Black rhinos tolerate a wider temperature range
compared to their white counterparts. White rhinos appear to prefer cooler temperatures
compared to their black counterparts.
Concerning precipitation, occurrences were between a range of 149 – 1955 mm
with an average of 704 mm and 392 – 1452 mm with an average of 719 mm for black and
white rhinos respectively (Table 3.1). Again, black rhinos occurred in a wider
precipitation range compared to white rhinos. White rhinos appeared to prefer wetter
areas compared to black rhinos.
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3.6.3 The relationship between annual mean temperature and annual precipitation
in black and white rhino occurrence sites
Relationship Between Mean Annual Temperature and
Annual Precipitation in Black Rhino Occurance Sites
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Figure 3.12 – Relationship between annual mean temperature and annual precipitation in black
rhino occurrence sites

Relationship Between Annual mean Temperature and
Annual Precipitation in White Rhino Occurrence Sites
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Figure 3.13 – Relationship between annual mean temperature and annual precipitation in white
rhino occurrence sites
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The relationship between annual mean temperature and annual precipitation in the
occurrence sites of both species is non-linear and is best represented by cubic polynomial
functions (Figs. 3.12 and 3.13). For both species, for temperatures below 22 0C, a steady
increase in the temperature results in a steady increase in the precipitation. Above 22 0C
increase in temperature results in an exponential increase in precipitation. This trend is
more pronounced in the black rhino data than the white rhino (Fig. 3.12).
3.6.4 Rhino probability of occurrence in the parks

Prob. of Occurrence

Black Rhino Probability of Occurrence Contingent on
Annual Mean Temperature
1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

(a)

12.0 16.4

16.5 17.5

17.6 18.6

18.7 19.7

19.8 20.8

20.9 21.9

22.0 23.0

23.1 24.1

Annual Mean Temp. Range (0C)

Prob. of Occurrence

Black Rhino Probability of Occurrence Contingent on
Annual Precipitation
1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

(b)

149 - 330 - 511 - 691 - 872 - 1053 - 1233 - 1414 - 1594 - 1775 329 510 690 871 1052 1232 1413 1593 1774 1955

Annual Precip. Range (mm)

Figure 3.14 – Black rhino probability of occurrence contingent on (a) Annual Mean Temperature
and (b) Annual Precipitation
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Prob. of Occurrence

White Rhino Probability of Occurrence Contigent on
Annual Mean Temperature
1
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20.9 21.9
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(b)

392 - 499 - 605 - 711 - 817 - 923 - 1029 - 1135 - 1241 - 1347 498 604 710 816 922 1028 1134 1240 1346 1452
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Figure 3.15 – White rhino probability of occurrence contingent on (a) Annual Mean Temperature
and (b) Annual Precipitation

The temperature range 22 – 23 0C has a 1 occurrence probability for both the black and
white rhinos (Figs. 3.14(a) and 3.15(a)). For precipitation, the ranges 330 – 510 mm and
605 – 710 have a 1 occurrence probability for the black and white rhinos respectively
(Figs. 3.14(b) and 3.15(b)).
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Figure 3.16 – Black (A) and white (B) rhino probability of occurrence in Kruger National Park – contingent on annual mean temperature
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Figure 3.17 – Black (A) and white (B) rhino probability of occurrence in Kruger National Park, contingent on annual precipitation
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Figure 3.18 – Black (A) and white (B) rhino probability of occurrence in Tsavo West National Park, Contingent on annual mean temperature
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Figure 3.19 – Black (A) and white (B) rhino probability of occurrence in Tsavo West National Park, contingent on annual precipitation
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Figure 3.20 – Black (A) and white (B) rhino probability of occurrence in Hwange National Park, contingent on annual mean temperature
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Figure 3.21 – Black (A) and white (B) rhino probability of occurrence in Hwange National Park, Contingent on annual precipitation
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Figure 3.22 – Black (A) and (B) white rhino probability of occurrence in Etosha National Park, contingent on annual mean temperature
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Figure 3.23 - Black (A) and white (B) rhino probability of occurrence in Etosha National Park, Contingent on annual precipitation
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Figure 3.24 – Black (A) and white (A) rhino probability of occurrence in Hlane Royal National Park, contingent on annual mean temperature

125

Baseline

RCP8.5

RCP4.5

RCP8.5

RCP4.5

RCP8.5

RCP4.5

RCP8.5

Late - Century

Late - Century

Mid - Century

Mid - Century

RCP4.5

Baseline

A.

B.
Figure 3.25 – Black (A) and white (B) rhino probability of occurrence in Hlane Royal National Park, contingent on annual precipitation
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White rhinos appear to prefer cooler areas compared to black rhinos. As the century
progresses and the climate changes, the temperature conditions in all study parks will
become increasingly unsuitable for both species. All the parks are showing drastic
changes in the occurrence probability of the species contingent on temperature. All parks
have areas with a probability of occurrence of 1 in the baseline scenario which decreases
to as low as 0 even under the high mitigation scenario, RCP 4.5 mid-century. All parks
have a 0 probability of occurrence for both black and white rhinos under the business as
usual scenario, RCP 8.5, late-century. Etosha and Hlane National Parks are the most
affected by temperature changes as they have a probability of 0 for both species
throughout their range under both RCPs late in the century. The effects of temperature
changes are more pronounced on the probability of occurrence for the white rhinos; the
species shows more sensitivity to the projected temperature increases compared to the
black rhinos.
The effects of precipitation changes on the probabilities of occurrence for both
species are not as severe as those of temperature changes. Black rhino probability of
occurrence is higher in the drier parts of the parks. White rhino probability of occurrence
is higher in the wetter parts of the parks.
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3.6.5 Urban expansion in Africa by 2030

(a)

(c)

(b)

Figure 3.26 – Forecasts of probabilities of urban expansion in Africa by 2030. (a) The projected
probability of urban expansion in Africa by the year 2030. Two of the study parks, Kruger (b) and
Tsavo West (c) have areas that surround them with a high probability of becoming urban by 2030.

Some parts of the west, east, and south of the continent have higher probabilities of
becoming urban by the year 2030 (Fig. 3.26a). Some of this expansion is forecasted very
close to two of the study parks; Kruger National Park (Fig. 3.26b) and Tsavo West
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National Park (Fig. 3.26c). The urban landcover forecasted around Tsavo West National
Park is more concerning as it threatens to encroach into a 50 km radius around the park.
3.7 Discussion
From the graphs in Figs. 3.12 and 3.13, we infer that for every temperature, there is an
ideal precipitation amount that makes it possible for rhinos to thrive. In the region below
the graphs, occurrences are limited by precipitation. That is, the precipitation amount in
these regions is too low to support the species. In the region above the graphs,
occurrences are limited by temperature, as this region has abundant precipitation but still
no occurrences.
For black rhinos, it appears that their ideal annual mean temperature is between
17 and 22 0C as most of the presence points are clustered within this temperature range
(Fig. 3.12). Increasing the temperature within the 17 – 22 0C temperature range results in
a steady increase in the associated precipitation. However, for occurrences beyond 22 0C
increase in temperature is coupled with an exponential increase in the amounts of
precipitation. We assume that this rapid increase in the precipitation at temperatures
higher than 22 0C is necessary to ensure that the animals have food in their habitats.
Because otherwise, in hot and dry areas shrubs tend to be thorny without much leaves,
which may result in the shortage of available browse for the animals. At higher
temperatures, the animals also need to have sufficient available water to cool their
massive bodies, this explains why higher temperatures are compensated with higher
precipitation for this species.
A similar pattern is observed in the graph representing temperature and
precipitation interactions for white rhinos. This species appears to have its ideal
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temperature within the range 19 – 23 0C (Fig. 3.13). Most of the occurrences are clustered
within this range. White rhinos require more precipitation amounts than do black rhinos
at the same temperature. For example, 22 0C is paired with about 600 mm of precipitation
for black rhinos and about 800 mm for white rhinos. As such, for white rhinos, increasing
the temperature beyond the ideal temperature does not result in the rapid increase in the
amounts of precipitation observed in black rhinos. This is because the precipitation
amounts required by this species is already high.
As the climate changes, the amount of precipitation received by the study parks is
decreasing, yet the temperatures are decreasing. This means that the occurrences of
rhinos in the parks will be limited by either of the two variables as it is evident that they
are correlated. As the parks become hotter, there has to be an increase in the amounts of
precipitation to ensure that they still have food plant species and will have water available
for them to drink and wallow to cool their bodies. In the absence of sufficient amounts of
precipitation that will ensure availability of water to the animals, it means that they
cannot survive.
3.7.1 Implications of changing climatic conditions for black and white rhinos
Black rhinos appear to tolerate a wider temperature and precipitation range compared to
white rhinos as shown in Table 3.1. The sample white rhino occurrences have narrower
ranges for both temperature and precipitation. The average temperature for the black
rhino occurrences is 20.8 0C while that for the white rhino is 20.6 0C. The average
precipitation is 704 mm and 719 mm for the black and white rhinos respectively. This
symbolizes that unlike white rhinos, black rhinos are tolerant to much higher
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temperatures and drier conditions. As a result, the changing climate is expected to affect
white rhinos more than black rhinos.
It is suggested by our findings that, like for many other species, climate change
will have a profound impact on the occurrence probability for both black and white
rhinos in southern Africa. The effects of increasing temperatures will be more
pronounced than those of decreasing amounts of precipitation if the two variables are
considered independently of each other.
Since the physiological tolerances of black and white rhinos to the climatic
variables are not documented, and their plasticity is unknown, the predictions of the
impacts of the changing climatic conditions to their occurrence probability documented
here may not play out as predicted, especially if the species possess some behavioral and
physiological adaptive capacity that we are not aware of.
3.7.2 Implications of urban expansion for the species
Most of the urban expansion forecasted for the year 2030 in Africa will occur in the path
of the historic ranges of both black and white rhinos. This may interfere with reintroduction efforts as it may pose challenges in the creation of corridors to facilitate the
dispersal of animals.
As climatic conditions become unsuitable in the species’ current habitats,
including the study parks, rhinos may be forced to move to new areas with suitable
climate conditions. This may mean the animals moving out of the parks where they are
currently housed. Their movement maybe impeded by the urban land cover that will be
surrounding the parks by then. Additionally, the urban expansion projected for the areas
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surrounding the parks housing the species may mean that conflicts between humans and
the animals might increase. All these will have negative effects on the species.
3.8 Conclusion
The projected climate change will have severe impacts on the probability of occurrence
for both black and white rhinos in Southern Africa. The decrease in the amount of
precipitation is not expected to affect the probability of occurrence as much as increases
in temperature. Effects of climate change on the species may be aggravated by urban
expansion, which may impede the animals movements in the event they need to move to
new suitable habitats as climatic conditions become unsuitable in their current locations.
The future of the species may be bleak considering that Southern Africa houses
approximately 90% of remaining population numbers. So, what happens to them in this
region will determine their persistence
Considering the effects of the forecasted climate change on the occurrence
probability of the species estimated under the different climate scenarios, it is evident that
the species are more vulnerable to the effects of the changing climate than we would like
to believe.
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APPENDIX A
TEMPERATURE AND PRECIPITATION CHANGES THROUGH THE
CENTURY UNDER TWO CLIMATE CHANGE SCENARIOS, RCP 4.5 AND 8.5
BY PARK
Table A1 – Summary of Temperature and precipitation changes under the two climate change
scenarios through the century by the park. ΔT refers to change in average annual temperature
compared to 1970 (average of 1961 - 1990) in 0C. ΔP refers to the change in annual precipitation
compared to 1970 in mm.

Park

Year

RCP

ΔT

ΔP

Kruger

2055

4.5
8.5
4.5
8.5

2.1
2.7
2.5
4.5

-36
-24
-41
-73

4.5
8.5
4.5
8.5

2.4
3.2
2.5
5.2

-14
-20
-8
-43

4.5
8.5
4.5
8.5

2.0
2.5
2.3
4.0

39
38
52
90

4.5
8.5
4.5
8.5

2.4
3.1
3.0
5.1

-11
0
-27
-28

4.5
8.5
4.5
8.5

1.9
2.5
2.4
4.1

-21
-16
-38
-54

2085

Etosha

2055
2085

Tsavo

2055
2085

Hwange

2055
2085

Hlane

2055
2085
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APPENDIX B
TEMPERATURE AND PRECIPITATION CHANGES BY PARK THROUGH
THE CENTURY UNDER TWO REPRESENTATIVE CONCENTRATION
PATHWAYS
Table B1 – Temperature changes in Kruger National Park through the century under two climate
change scenarios, RCP 4.5 and 8.5

Year
Variable

Temperature

RCP
Scenario

Mean
(0C)

19.9 – 25.0

22.5

4.5

21.9 – 27.2

24.6

2.1

8.5

22.5 – 27.8

25.2

2.7

4.5

22.3 – 27.7

25.0

2.5

8.5

24.2 – 29.7

27.0

4.5

Baseline
2055

2085

ΔT
from
baseline
(0C)

Range
(0C)

Table B2 – Precipitation changes in Kruger National Park through the century under two climate
change scenarios, RCP 4.5 and 8.5

Year
Variable

Precipitation

RCP
Scenario

Mean
(mm)

415 – 971

651

4.5

382 – 934

615

-36

8.5

397 – 946

627

-24

4.5

382 – 927

610

-41

8.5

354 – 889

578

-73

Baseline
2055

2085

ΔP
from
baseline
(mm)

Range
(mm)
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Table B3 – Temperature changes in Etosha National Park through the century under two climate
change scenarios, RCP 4.5 and 8.5

Year
Variable

Temperature

RCP
Scenario

Mean
(0C)

20.9 – 23.2

22.1

4.5

23.2 – 25.7

24.5

2.4

8.5

24.0 – 26.5

25.3

3.2

4.5

23.7 – 26.2

25.0

2.5

8.5

25.9 – 28.7

27.3

5.2

Baseline
2055

2085

ΔT
from
baseline
(0C)

Range
(0C)

Table B4 – Precipitation changes in Etosha National Park through the century under two climate
change scenarios, RCP 4.5 and 8.5

Year
Variable

Precipitation

RCP
Scenario

Mean
(mm)

326 – 557

442

4.5

309 – 548

428

-14

8.5

303 – 542

422

-20

4.5

314 – 555

434

-8

8.5

281 - 517

399

-43

Baseline
2055

2085

ΔP
from
baseline
(mm)

Range
(mm)
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Table B5 – Temperature changes in Tsavo West National Park through the century under two
climate change scenarios, RCP 4.5 and 8.5

Year
Variable

Temperature

RCP
Scenario

Mean
(0C)

18.0 – 25.7

22.1

4.5

19.9 – 27.5

24.1

2

8.5

20.6 – 28.1

24.6

2.5

4.5

20.3 – 27.9

24.4

2.3

8.5

22.1 – 29.6

26.1

4

Baseline
2055

2085

ΔT
from
baseline
(0C)

Range
(0C)

Table B6 – Precipitation changes in Tsavo West National Park through the century under two
climate change scenarios, RCP 4.5 and 8.5

Year
Variable

Precipitation

RCP
Scenario

Mean
(mm)

570 – 1259

860

4.5

611 – 1306

899

39

8.5

615 – 1307

898

38

4.5

623 – 1320

912

52

8.5

657 – 1358

950

90

Baseline
2055

2085

ΔP
from
baseline
(mm)

Range
(mm)
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Table B7 – Temperature changes in Hwange National Park through the century under two climate
change scenarios, RCP 4.5 and 8.5

Year
Variable

Temperature

RCP
Scenario

Mean
(0C)

20.8 – 23.4

22.1

4.5

23.1 – 25.8

24.5

2.4

8.5

23.8 – 26.5

25.2

3.1

4.5

23.7 – 26.4

25.1

3.0

8.5

25.8 – 28.6

27.2

5.1

Baseline
2055

2085

ΔT
from
baseline
(0C)

Range
(0C)

Table B8 – Precipitation changes in Hwange National Park through the century under two climate
change scenarios, RCP 4.5 and 8.5

Year
Variable

Precipitation

RCP
Scenario

Mean
(mm)

462 – 658

560

4.5

452 – 645

549

-11

8.5

461 – 658

560

0

4.5

441 – 626

533

-27

8.5

437 – 626

532

-28

Baseline
2055

2085

ΔP
from
baseline
(mm)

Range
(mm)
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Table B9 – Temperature changes in Hlane Royal National Park through the century under two
climate change scenarios, RCP 4.5 and 8.5

Year
Variable

Temperature

RCP
Scenario

Mean
(0C)

21.9 – 22.7

22.3

4.5

23.7 – 24.6

24.2

1.9

8.5

24.3 – 25.2

24.8

2.5

4.5

24.2 – 25.1

24.7

2.4

8.5

26.0 – 26.8

26.4

4.1

Baseline
2055

2085

ΔT
from
baseline
(0C)

Range
(0C)

Table B10 – Precipitation changes in Hlane Royal National Park through the century under two
climate change scenarios, RCP 4.5 and 8.5

Hlane
Variable

Year

Precipitation

Baseline
2055

2085

RCP
Scenario

ΔP
from
baseline
(mm)

Range
(mm)

Mean
(mm)

653 – 711

682

4.5

633 – 688

661

-21

8.5

639 – 692

666

-16

4.5

616 – 671

644

-38

8.5

601 - 655

628

-54
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